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E X E C U T I V E S U M M A R Y
The S h e r i d a n S i t e Commit t e e has invest igated the Sher idan DisposalServices s i te near H e m p s t e a d , Texas* The u l t imat e o b j e c t i v e o fthe Ground Water F e a s i b i l i t y S t u d y is to provide a basis fors e l e c t ing a cost e f f e c t i v e remedial alternative that is protec t iveof human heal th and the environment. The al ternatives evaluatedare designed to meet this and other remedial objec t ives as well asattain F e d e r a l and S t a t e requirements that are a p p l i c a b l e orrelevant and appropriate (ARARs). The investigation and evaluationof this site has been divided into a source control e f f o r t and aground water migration management e f f o r t . The ground watermigrat ion management e f f o r t has re su l t ed in a Ground Water RemedialI n v e s t i g a t i o n and this document, the Ground W a t e r F e a s i b i l i t yS t u d y .
The f a c i l i t y currently occupies approx imate ly 110 acres and in-cludes a 42 acre evaporation sy s t em, a main pond whose sur face areavaries from twelve to f i f t e e n acreu (depending on water l e v e l ) , anda seventeen acre dike area around the main p o n d , some inoperableequipment and a group of nine treatment and storage tanks are lo-cated on the east side of the main pond on the levee. Remainingacreage consist s of borrow di t che s excavated for the dikes andother " b u f f e r zone" areas inside the perimeter fence.
F o l l o w i n g site characterization, ground water migration controlt e chnolog i e s were screened from p o s s i b l e general response actionsand assembled into al ternatives . T h e s e a l t ernat ives underwentcare fu l design analys i s , in c lud ing s u f f i c i e n t des ign developmentto enable a d e t a i l e d cost estimate to be prepared. The f o l l o w i n gf o u r al ternatives survived the screening process and were carriedforward into the d e t a i l e d analys i s phase:

o T a k e no action at the site.
o T a k e l imi t ed action, inc lud ing ground water monitoring.
o Construct a slurry wall between the site and the BrazosRiver; recover and treat ground water.
o Construct a l ine of w e l l s between the site and the BrazosRiver; recover and treat ground water.
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In the d e t a i l e d a l t e rna t iv e analys i s phase , each of thesea l t ernat ive s was ranked based on relative compliance with ARARs;reduction of t o x i c i t y , m o b i l i t y or volume; short-term e f f e c t i v e -ness; long-term e f f e c t i v e n e s s and permanence; i m p l e m e n t a b i l i t y ;cost; and overall pro tec t ion of human hea l th and the environment.Based on this d e t a i l e d evaluation it w i l l be p o s s i b l e to select ac o s t - e f f e c t i v e remedial al t ernat ive consistent with the o b j e c t i v e sout l ined above.
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G R O U N D W A T E R M I G R A T I O N M A N A G E M E N T
F E A S I B I L I T Y S T U D Y

S H E R I D A N D I S P O S A L S E R V I C E S S I T E
W A L L E R C O U N T Y , T E X A S

- I N T R O D U C T I O N
1.1 Purpose and Scone
The purpose of this Ground Water Migration Management F e a s i b i l i t yS t u d y (GWFS) is to present the process and re su l t s of thedeve lopment of the ground water remedial a l t ernat ive s for theSheridan Disposal Services (SDS) site. T h i s GWFS is based on thei n f o r m a t i o n and data presented in the Ground Water Migrat ionManagement Remedial I n v e s t i g a t i o n (GWRI) and the source ControlRemedial Inves t igat ion ( S C R I ) b y t h e Sheridan S i t e Committee ( S S C )and the November 1988 Baseline Risk Assessment (RA). The GWRIcharacterized the ground water and d e f i n e d the hydrologi c characterof the site. The RA addressed the necessity of remediation byevaluating risks. By addressing the risks i d e n t i f i e d in the RA, theGWFS al t ernat ive s w i l l be pro t e c t ive of human h e a l t h and theenvironment.
The GWFS i d e n t i f i e s and analyzes ground water migration controlal t ernat ive s that are consistent with the ComprehensiveEnvironmental Response, Compensation and L i a b i l i t y Act (CERCLA),as amended by the superfund Amendments and Reauthorization Act(SARA), and the N a t i o n a l Oil and H a z a r d o u s Substances P o l l u t i o nContingency Plan (NCP), and which e f f e c t i v e l y mit igate and minimizethreats to, and provide adequate protection of, pub l i c health andw e l f a r e and the environment at the site.
1.2 S i t e Description

1.2.1 G e o g r a p h i c a l Location
The SDS site is located in W a l l e r County, Texas , approximate ly ninemi l e s north-northwest of the C i t y of H e m p s t e a d , T e x a s and two mile snorthwest of the intersection of Clark Bottom Road and Farm Road1736 ( F i g . 1-1}. The proper ty is bounded on the east, south andwest s ides by f a r m and ranch l a n d s , and on the north by the BrazosRiver. The site l ies within the G u l f Coastal Plain PhysiographicProvince and is t r a n s i t i o n a l l y positioned between the Post OakSavannah and Blackland Prairie Natural Regions of Texas .
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FIGURE 1-1
S I T E L O C A T I O N M A P

Sheridan Disposal Services
H e m p s t e a d , Texas
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1.2.2 S i t e G e o l o g y
The SDS site lies on the Brazos River A l l u v i u m along the southernbank of the Brazos River. At thi s l o ca t ion the a l luvium isapprox ima t e ly 55 f e e t thick and is composed of recent river bottomand overbank d e p o s i t s . Sediment types range f rom c lay to gravel.Two divis ions of the a l luvium have been des ignated in the SCRI:stratum A and stratum B. S t r a t u m A extends f r o m the s ur fa c e to asmuch as 40 f e e t in d e p t h , a l t hough it is g e n e r a l l y 25*30 f e e tthick. It is composed of reddish brown interbedded sands, s i l t sand clays. The s e vary in their lateral extent and compos i t i ondepending on the distance from the river. For example, sedimentsnear the river bank tend to be sandier with lenses of c lay and havesmall lateral extents, whereas fur ther south, away f rom the river,these s ed iment s are much clayier. correlations of individual bedswithin stratum A are d i f f i c u l t to make across the site due to thevariable nature of stratum A.
Stratum B is the lower portion of the alluvium and can bed i s t i n g u i s h e d f r o m stratum A where sand becomes prevalent andcontinuous with depth. Stratum & is a typical al luvial f in ing-upward sequence for a meandering stream. The upper port iong e n e r a l l y begins as a f i n e sand or s i l t y sand that continuouslygrades downward into coarse sand or pebble s and sometimes gravelat or near its base. The s e sediments are reddish tan to brown andbecome grey with increasing grain size. They are poorly-to well-sorted and are composed p r i m a r i l y of quartz and chert grains withoccasional shell fragments . T h i s sequence is found all over thes i t e , even though its thickness may vary. Portions or all ofstratum B are saturated and under unconfined conditions. T h i sf orms the uppermost a q u i f e r ( r e f e r r e d to as the uncon f i n e d oralluvial a q u i f e r ) under the SOS site.
Underneath the a l luv ium is the F l e m i n g Format i on . At the site theF l e m i n g has been subdivided into three units: stratum C, stratum0 and stratum E. Stratum C is g enera l ly a dense, hard olive greento grey clay which is l a t e r a l l y continuous under the site, usuallyfound between 55 and 60 f e e t below grade. It o f t e n contains layersof clayoy silt or clayey sand within it. These coarser-grainedlayers are up to two f e e t thick. South of Clark Lake at M W - 4 0 ,a p p r o x i m a t e l y 1700 f e e t south of thct southern edge of the mainp o n d , stratum C is p r i m a r i l y a clayey or sandy s i l t .
The thickness of stratum C is quite variable, ranging from twelvef e e t at MW-40 to 37 f e e t at MH-14. Based on avai lable de *a f r o mboreholes dr i l l ed through October 1987, the average thickness ofstratum c under the site is approx imate ly 27 f e e t*
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Beneath this c lay is stratum D, a sandy transmiss ive zone that issaturated and under conf ined conditions* It is the second aqui f erunder ly ing the site. Depending on locat ion, stratum D is f oundbetween 65 and 95 f e e t below grade. Its thickness varies f r o m 9.5f e e t to 28 f e e t , with an average value of 16.5. Stratum D is areddish or brown to tan, f i n e to medium-grained sand that is s i l t yor clayey in zones. In some areas this sand is very well cementedwith calcareous cement, forming a hard sandstone layer near the topof the stratum.
Stratum E is beneath stratum 0 and is another very hard and s t i f fclay layer. It is grey with olive mot t l ing and iron staining andhas a similar appearance to stratum C. The lateral extent andthickness of stratum E under the t,ite is unknown.

1.2.3 F a c i l i t y Descript ion
The f a c i l i t y currently occupies a p p r o x i m a t e l y 110 acres, and in-c ludes a 42 acre evaporation system, a twelve to f i f t e e n acre mainpond and a seventeen acre dike area around the main pond ( F i g u r e1-2). Some inoperable equipment and a group of nine treatment andstorage tanks are located on the east side of the main pond on thelevee. Remaining acreage consists of borrow ditches excavated forthe dikes and other " b u f f e r zone" areas inside the perimeter f ence .
The main pond was located in a naturally occurring, low-lying areathat was gradual ly expanded to about 22 acres u t i l i z i n g a systemof dikes. The aain pond was used as a surface impoundment formaterial di sposal and for open pit burning. Partial closureactivity reduced the size of the main pond to approx imate ly f i f t e e nacres.
Water that accumulated in the main pond due to prec ip i ta t ion waspumped into the evaporation system and allowed to evaporate. Thetanks were used for the s eparat ion and treatment of incoming liquidwaste.

1.2.4 Chronological H i s t o r y of S i t e Management. Use andM o d i f i c a t i o n s
The SDS site, owned and operated by Mr. Duane S h e r i d a n ofH e m p s t e a d , T e x a s , began accepting industrial wastes for d i spo sa lin the late 1950s. The s e wastes were d i spo s ed of by open pitburning and surface impoundment of ash residue in a natura l ly low-ly ing area of Mr. S h e r i d a n ' s property. As the volume of materialaccepted at the site increased, a levee composed of native soils

o
CM

O

1-4
£830



o
O\



IIIIIIIIIIIIIIII

and combustion re s idual s f r o m waste burning was constructed aroundthe pit area to f o r m the main pond (sometime in la t e 1 9 6 3 ) . T h e s esite management pract ice s and f a c i l i t i e s were used through 1971.
A group of storage and treatment tanks were constructed beginningin S e p t e m b e r 1971 in response to an order f r o m the T e x a s WaterQual i ty Board (TWQB), a predeces sor to the T e x a s W a t e r Commis s ion(TWC). These tanks were used for steam treating oil-wateremulsions. S e p a r a t e d o i l s were used as f u e l for a system of groundf l a r e s that was i n s t a l l e d in 1972.
A smal l er pond ( a p p r o x i m a t e l y 400,000 g a l l o n s ) was constructed inthe northwest corner of the main pond dike ( F i g u r e 1-2). It wasused to receive incoming material s . From there the waste wasg e n e r a l l y pumped into the steam treatment system for emulsiontreatment. Any recovered o i l s were either sold or used for groundf l a r e s or boiler f e ed to generate steam. Lef tover residues weredi spo s ed of in the main p o n d . Liquid wastes f r o m the smal l er pondwere discharged d i r e c t l y into the main pond when the steam emulsionsystem was not working or was over-loaded.
In November of 1972 a f i r e destroyed the oil burner (inc inera tor)system and the s u r f a c e of the main pond was i g n i t e d , burning offthe sur fa c e layer of oi l . In 1969 and 1973 severe r a i n f a l l causedapparent o v e r f l o w s . The height of the dike was increased in 1975to mit igate this occurrence.
During 1974 and 1975, several trial burns of new incinerators werep e r f o r m e d by S D S . Permit approval was granted to SDS by the T e x a sAir Control Board (TACB) for a l iquid waste burner ( i n c i n e r a t o r )that was designed and built by Mr. Sheridan. The incinerator wasin use until J u n e 1978 when a f i r e destroyed port ions of thesystem.
In order to take care of the continuing problem of accumulated pondstoruwater, a new f a c i l i t y — the evaporation system — was bui l tin 1976 adj acent to the main pond. T h i s 4 2 acre impoundmentreceived wastewater f rom the main pond into a series of small c e l l swhere it was al lowed to evaporate.
SDS began c lo s ing the main pond with dike and other mater ia l s inOctober 1978. An ini t ia l closure p l a n was agreed to by SDS andthe TWQB in 1979. T h i s p l a n ca l l ed for init ial closure of the mainpond, pumping of accumulated stormwater from the pond into theevaporation system, and maintenance of the pond dike. Pond waterwas t rans f e rr ed to the evaporation system and a p p r o x i m a t e l y seven
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acres of the main p o n d , corre sponding to the receiving basin, wascovered with f i l l material.
A f i n a l closure p l a n was submitted to the T e x a s Department of W a t e rResources (TDWR, now the TWC), by SDS on December 2, 1983. It wasr e j e c t e d in January 1984, at which time the TDWR determined thatSDS did not have the expert i s e or resources to p r o p e r l y close thesite. At that time the TWC contacted certain companies, whosewaste may have been disposed of at the SDS site, to requestassistance in the site closure. The SSC was formed by certain ofthose companies in response to that request and has since workedwith the TWC and the EPA to co l l e c t and analyze i n f o r m a t i o nnecessary to evaluate a p p r o p r i a t e closure a l t ernat ive s .
The SDS site was proposed for inclusion on the N a t i o n a l P r i o r i t i e sLi s t pursuant to S e c t i o n 105 of CERCLA on June 10, 1986.
1.3 source Mater ia l Descr ip t ion
The m a j o r sources of organic and inorganic chemical const i tuentsare the main pond water and s ludge s . M a n i f e s t d e s c r i p t i o n s of someof the mater ia l s received for d i s p o s a l at the site are l i s t e d inT a b l e 1-1. Summaries of organic compounds and metals f ound in allsources are presented in T a b l e 1-2 ( f o o t n o t e s and re ferences in thet a b l e re late to the Baseline Risk A s s e s s m e n t ) .

Main Pond
The current surface area of the main pond varies between twelveand f i f t e e n acres. The d ep th of the accumulated rainwater variesbetween one and six f e e t during periods of accumulation andremoval.
The main pond contents are s t r a t i f i e d into a partial surface oiland emulsion layer, an aqueous phase and a heavy s l u d g e layer.The s u r fa c e oil layer ( l e s s than two inches in th i ckne s s) current-ly covers less than f i f t e e n percent of the pond sur face and variesd e p e n d i n g on wind conditions. At the present time, the m a j o r i t yof the oil layer has been removed from the main pond and the mainpond water has been evaporated in the evaporation system inaccordance with an Administrative Order issued by the EPA.
Based on resul t s f r oa the analys i s of f i f t e e n s a m p l e s c o l l e c t ed inJ u n e 1987, the main pond s ludges vary in thickness f r o m about sixinches to about 24 inches, with an average thickness of 12.4inches. These s ludges are approximate ly 45% water, 40% o i l , and15% s o l i d s , by weight. T h i s d e p t h contrasts with s ludge thicknessmeasurements of one f o o t to j u s t over three f e e t in September 1984(see A p p e n d i x A of RA). An average pond s ludge dep th of eighteeninches is used for risk and design calculat ions .
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D e s c r i p t i o n s o f M a t e r i a l s Li s t ed on M a n i f e s t sfor D i s p o s a l at the SDS S i t e
A l c o h o l , organic pho sphoru scompounds , cobalt

i
A l k y l Benzenes

I Barge, RR Tank Car W a s h i n g s ,& Misc . Chemica l s
Benzene, Ethers, Methyl ch l or id e
Butyl A c r y l a t e s

I Butyl A c r y l a t e s
C a l c i u m Arsena t e
Caus t i c and Latex Polymer
C o p p e r Ch lor id e Powder C a t a l y s t
Die thy l ene G l y c o l , Resin, w / T o l u e n e
D r i l l i n g Muds
Drum Washing Residue
F a t t y Acid Esters
F a t t y A l c o h o l s
F i l t e r Cake Residue
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F u r f u r a l , Butadiene C o p o l y m e r
S t i l l Bottoms
H e r b i c i d e s
H y d r a u l i c Oils
I n s e c t i c i d e s
B, S & W Oils
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Kerosene & Grease
Kitchen Grease 6 Water
M e t h a c r y l a t e
Molas s e s & W a t e r
O i l y Wastewater
Organic S l u d g e , S k i m m i n g ,Kerosene and MineralS p i r i t s
Phenol F o r m a l d e h y d e
P i c k l i n g Acid
P o l y e t h y l e n e , DiatomaceousEarth
Process Wastewater
S o a p
S o d i u m
Sodium H y d r o x i d e
Sour Crude oil
S p e n t Chlor inated S o l v e n t s
S p e n t N e w s p a p e r I n k s andG l y c o l S o l v e n t s
Styrene & Ethylbenzene Bottom
Styrene Monomer w/Die s e l
V e g e t a b l e Oils
Wast e Chemical sWater & Oil
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Pond Dike
The dike around the pond has a sur face area of a p p r o x i m a t e l yseventeen acres and was constructed p r i m a r i l y f r o m surroundingclays and combustion residues from the incinerator. It isestimated that up to ten percent of the levee material may consistof material s characterized as diatomaceous earth f i l t e r aid vettedwith a pe troleum oil. T h i s f i l t e r cake material containsu n s p e c i f i e d organo-metal l i c chemicals as well as in so lub l e bariumand zinc salts .
A series of borings were made through the d e p t h of the dike toc o n f i r m its construction and to characterize soi l s and wastemater ia l s wi thin it. A p p e n d i x A of the Source Control FS containsthe boring logs and summary tables for the organic and inorganica n a l y t i c a l results. The boring logs indicate that a f f e c t e d soiland s ludge in the dikes is t y p i c a l l y not encountered until d ep th sin excess of three f e e t .
SOS began initial closure actions in 1979. A p p r o x i m a t e l y f i v eacres of the pond in the northern section were covered withconstruction debris and dike material. In an earlier pond closuree f f o r t (not c o m p l e t e d ) , another two acres of the southeasternport ion of the pond were capped using a p p a r e n t l y clean f i l lmaterial s and on-site soils. ( T h e s e seven acres are included inthe e s t imated dike area of seventeen acres.)

Evaporat ion Area S l u d g e s and S o i l s
The evaporation system consists of 42 acres of water retentionc e l l s . The m a j o r i t y of organic compounds that were i d e n t i f i e d inthe evaporation system occur in two isolated sludge depos i t s ator near the point of pond discharge into the evaporation system.Based on sampl e s co l l e c t ed in June 1987 and December 1987, theremainder of the evaporation system contains so i l s that aregenera l ly characteristic of background soils in the area. Metalconcentrations were generally in the same range us background andno v o l a t i l e or semi-volati le compounds were i d e n t i f i e d . PCBs weredetected at only two of nineteen sampl e locations atconcentrations of 1600 and 110 u g / k g ( p p b ) . ( A p p e n d i x A of theSource Control F S ) .
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Process T a n k a g e
Treataent process units at the SDS site are located on the top ofthe levee and include an incinerator, a boiler, and nine tanks.The tanks were used for separation and treatment of o i l / w a t e remuls ions and storage of solvents and f u e l o i l s . The tanks varyin size f roa 500 to 1000 barrels in capaci ty* The tanks p r e s e n t l ycontain a p p r o x i a a t e l y 1500 bbl of oil and eaulsion removed f r c mthe s ur fa c e of the pond.
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2 - E V A L U A T I O N O F G R O U N D W A T E R F L O W R E G I M E A N D Q U A L I T Y
2.1 Ground Water F l o w Regime
The hydraulic characteristics of the unconfined aqu i f er weredetermined by three d i f f e r e n t aethodst laboratory p e r m e a b i l i t yt e s t s , s lug or bail t e s t s , and a p u m p i n g test. Resul t s oflaboratory permeabi l i ty te s t ing are discussed in more detail inSec t i on 3.5 of the GWRI. The geometric mean c o e f f i c i e n t o fpermeabi l i ty of the samples from Stratum & is 1.4E-04 cm/sec.
S l u g a n d / o r bail t e s t s were compl e t ed in all newly i n s t a l l e d PVCw e l I s . F i e l d procedures and data analysis are presented inA p p e n d i x C of the GWRI. A summary of r e su l t s f r o m the GWRIindicate a range of hydraul i c conduct ivi ty f r o m 3.3E-03 to 1.4E-02 cm/sec, with a geometric mean value of 5.8E-03 cm/sec. Thes evalues are in the range for a s i l t y sand to a sand and areexpected given the l i t h o l o g y of the aquifer. Transmis s ivi tyranged f r o m 1.5E+03 to 7.5E+03 g p d / f t , with a geometric mean valueo f 2.9E+03 g p d / f t .
As part of the Source control RI, a thirteen-hour p u m p i n g testwas conducted on the unconfined a q u i f e r beginning 1 2 / 1 8 / 8 5 .A n a l y s i s of the data yielded an average hydraul i c conduc t iv i ty of7.9E-03 cm/sec and t ransmi s s iv i ty of 4.OE+03 g p d / f t , using asaturated thickness for the aquifer of 24 f e e t . These data alsoshowed that the s p e c i f i c capac i ty of the unconf ined a q u i f e r isabout 0.12 g p d / f t . T h i s would support a water well of 2 gpm,based on a saturated thickness of 24 f e e t .
Compari son of the three sets of data show good agreement betweenthe d i f f e r e n t methods o f a q u i f e r analysis. Permeab i l i tymeasurements f rom the laboratory are s l i g h t l y lower than the f i e l ddata, which may be a func t ion of sample size and recompaction ofthe sampl e into the permeameter. Mean p u m p i n g and slug testvalues for permeab i l i ty and transmissivity are very close giventhe variable nature of the methods (a localized test versus a moreregional t e s t ) and the inhomogeneities of the aqui f er* T h e s ethree sets of data characterize the unconfined aqui f er in thevicinity of the site.
In order to assess the movement of ground water in the unconfineda q u i f e r , water level measurements have been recorded at the siteon a regular basis (monthly or more f r e q u e n t l y ) f rom November 1985until February 1988. Data from these measurements are presentedin T a b l e 3-8 of the GWRI.
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Thes e data indicate that the pr imary f l o w d i r e c t i on in theunconfined a q u i f e r is to the north or northwest, towards theBrazos River. The f l o w d irec t ion o c ca s i ona l ly changes to that ofsouth and west across por t i on s of the site. Thes e changes arerelated to the stage (river h e i g h t ) of the Brazos River and therelative amount of bank storage within the unconf ined a q u i f e r .
The river stage at the site has in some cases been measured atthe site and in other cases e s t imated f r o m measurements taken atthe USGS s tat ion in H e a p s t e a d , T e x a s . D e t a i l s o f this analy s i sare in the GWRI.
As noted above, care fu l inspection of a complete set of groundwater contour maps in the GWRI yi e ld several trends orre lat ionships . Of primary importance is the in f luence of thes tage of the river on the ground water f l o w direct ions andgradients. By inspection of the available data and calculatedriver stage at the s i t e , it was determined that when the riverreaches a stage of approximate ly 140 f e e t HSL at the site, theground water direc t ion s h i f t s f r o m i t s typi ca l northerly f l o w toa southerly and westerly direction. The length of time that thef l o w stays in the southerly or wes t er ly direct ion depend s on suchfac t or s as the length of time the river is at a high stage and theprevious water level (saturated th i ckne s s) in the unconf inedaqui fer .
In order to compare the relative amount of time the gradient isin any of the three general d ir e c t i ons , data f r o m the years 1986and 1987 were tabu la t ed . The northerly f l o w direction ( i n c l u d i n gnorth/northeas t to nor th /nor thwe s t) is prominent for this a q u i f e r ,that is, it occurs about 50% or more of the time. The wes terlydirect ion is next most common, occurring about 35% of the time.The remainder of f l o w occurs in the southerly direction. Thepercentage of time calculated here and in the f o l l o w i n g discussionassumes no change in f l o w direc t ion between individual s a m p l i n gevents; the percentage is calculated as the number of occurrencesof the event divided by the to tal number of occurrences.
For each of these direct ions an average gradient has beencalculated and the data are summarized in T a b l e 2-1. The averagenortherly gradient for 1986 and 1987 is 0.0023. In the wes terlydirection the gradient is 0.0018, and in the southerly directionit is 0.0058. The actual lines along which the gradient s werecalculated and their locations are on the ground water contourmaps in the GWRI.
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W h i l e the 140* river level at the site usually s i g n i f i e s a changein ground water f l o w d i r e c t i o n , this r e l a t i o n s h i p also d e p e n d s onthe level of water already ex i s t ing in the aqui f er . That is,when the river level reaches 140 f e e t it does not necessarilyalways change f l o w direct ions. For example , on J u l y 15, 1987, theriver was at 140*3 f e e t but the f l o w was s t i l l to the north,p r o b a b l y due to the water previous ly stored in the a q u i f e r due toearlier abundant rains and bank storage ( T a b l e 2-1). conversely,if the Brazos River has been low for an extended period of time(say six or nore m o n t h s ) , the direction may change b e f o r e theriver stage reaches 140 f e e t because the water level along theriver is so low. The contour maps for the last months of 1987 andfor 1988 show how the aqu i f e r has been draining into the riverand the e l evat ions in the w e l l s along the river have beendecreasing with time.
The g rad i en t s in the u n c o n f i n e d a q u i f e r are also tied into there la t ionship between bank storage and river stage* T h i s is mostr e a d i l y evident a long the bank of the river. When the river hasbeen at low stage for a long time without recharge f r o m bankstorage, the gradient near the river is steeper than the averagegradient by about an order of magnitude. When the river stagecomes up, if it quickly goes above 140* the southerly gradient israther s teep. If, however, the river only rises to around 140*or stays there for any l ength of time, the gradient along theriver f l a t t e n s out. Again , this also depends on the head in thea q u i f e r , such that if the head is r e l a t i v e l y high and the riverlevel comes up quickly, the gradient along the river would nottend to be as s t e ep as if the head in the a q u i f e r was lower at thebeginning of the river rise.
As discussed in the GWRI, the net f l o w ( c a l c u l a t e d using data f r o m1986 and 1987) is to the north* For gradients calculated over theentire s i te , the net ground water f l o w was a p p r o x i m a t e l y 28 f e e tto the north for 1986, and 49 f e e t to the north for 1987.G r a d i e n t s calculated between the northern edge of the main pondand the Brazos River (the area where the greatest number ofchanges in ground water f l o w direction and gradient occurs) variedconsiderably. In 1986 the net ground water f l o w was less than onef o o t to the south between the main pond and the river, while in1987 the net ground water f l o w was 121 f e e t to the north in thissame area. T h i s indicate s that while there is a southerlycomponent of f l o w for short periods of time or over smalldis tances , the overall f l o w in the unconfined a q u i f e r is to thenorth, into the Brazos River.
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2.2 ground W a t e r Qua l i ty
Monitor ing w e l l s were i n s t a l l e d at the site beginning in 1963 andending in 1987. These we l l s are l ab e l l ed M W - i through MW-40 andare shown in F i g u r e 2-1. From 1963 through 1984 d i f f e r e n t w e l l shave been s a m p l e d , p r i m a r i l y for general water qual i ty parameterssuch as pH, s p e c i f i c conductance, total dissolved s o l i d s ,ch l or id e , p l u s some v o l a t i l e and s ea l-vo la t i l e analyses c o l l e c t e din 1984 and 1985. The qual i ty of these data, both in terms ofanalytical reproducib i l i ty and methods of analysis, has beenquestioned. It was determined that Q A / Q C procedures were notadequate for these analyses. T h e r e f o r e the results of these datawere only used q u a l i t a t i v e l y .
As part of the GWRI, selected we l l s around the SDS site weresampled in October 1987 for Priori ty P o l l u t a n t c on s t i tu en t s , andindicator parameters T O C , T O X , phenol i c s , and cyanide. F i e l dparameters included pH and s p e c i f i c conductivity. Thir t e en ofthe w e l l s s a m p l e d were screened in the s ha l l ow unconf ined aqui f er .These included monitor wel l s M W - 3 1 , K W - 3 2 , M W - 3 4 , M W - 3 6 , M W - 3 7 ,M W - 3 8 , M W - 3 9 , and M W - 4 0 , i n s t a l l e d in 1987 for the GWRI, and w e l l sM W - 6 , M W - 1 0 , M W - 1 2 , M W - 1 8 , M W - 1 9 , and M t f - 2 9 i n s t a l l e d during 1984-1985 for the SCRI. Detail s of water sampl ing procedures areprovided in the GWRI.
Analyt i ca l results of the October 1987 sampl ing for the shallowa q u i f e r are presented in T a b l e 2-2 ( C o m p l e t e analyt i ca l data areprovided in the GWRI). For all wel l s sampled in the unconfineda q u i f e r no compounds were detected in the base neu tra l /ac idex trac table group or the p e s t i c i d e / P C B group. Trace concentra-tions of dissolved metals were detected in several of the wel l s .The s e trace concentrations are at tributed to natural backgroundvariations as well as site activities. Constituent l evel s of thesemetals, however, are at or below their respective MaximumContaminant Levels (MCLs) ( T a b l e 2-3). A discussion of the otherparameters measured (e.g. T O C , T O X ) can be found in the GWRI.
During the 1987 pr ior i ty p o l l u t a n t s a m p l i n g , f o u r compounds werei d e n t i f i e d in the volat i l e frac t ion group in levels above detec-tion l i m i t s ; benzene, t e t rach loroe thylene , t rans- l ,2-di ch loro-e thyl ene , and tr i chloroe thylene . Thes e const i tuents were detec tedin only three monitoring wel l s , M W - 3 4 , MW-37 and M W - 3 8 . W e l l s MW-34 and M W - 3 7 are located north and northwest of the main pond , andW e l l MW-38 is found along the northeastern edge of the main pondon the inside of the dike (see Figure 2-1 for well locat ions).Concentrations of these consti tuents ranged f rom j u s t above
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List of

T A B L E 2-3

f r o m 40

Parameter
A r s e n i cBariumCadmiumChromiumLeadMercuryN i t r a t e ( a s N )S e l e n i u mS i l v e rF l u o r i d aEndrinL i n d a n eM e t h o x y c h l o rT o x a p h e n e2 , 4 - D
2 , 4 , 5 - T P S i l v e xT r i h a l o r a e t h a n e s ( t o t a l )T u r b i d i t yC o l i f o r m ( t o t a l )Radium 226 -*- 228Gross A l p h aBeta P a r t i c l e and pho tonr a d i o a c t i v i t y
BenzeneCarbon T e t r a c h l o r i d e1,2-Dich loro e thane1 , l - D i c h l o r o e t h y l e n epara-Dichlorobenzene1 , 1 , 1 - T r i c h l o r o e t h a n eT r i c h l o r o e t h y l e n evinyl C h l o r i d e

MaximumContaminant. Level
0.05 m g / 11 m g / 10.010 m g / 10.05 m g / 10.05 mg/10.002 m g / 110 mg/10.01 mg/10.05 m g / 14 m g / 10.0002 m g / 10.004 mg/10.1 m g / 10.005 m g / 1o.l m g / 1o.oi m g / 1O.ic m g / 11-5 TO< 1 c o l / 1 0 0 ml

5 p C i / L15 p C i / L4 mrem(annual dose equ iva l en t)
0.005 m g / 10.005 m g / 10.005 m g / 10.007 mg/10.075 mg/10.2 mg/10.005 mg/10.002 mg/1

G814

LA
K\
vO
<tf̂.
O
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detection l imi t s (0*0052 p p m ) to a maximum of 0.027 ppm of benzenein well M W - 3 4 .
The location and concentration of the above constituents d e f i n e sa p lume of low concentrations of v o l a t i l e organic compounds thatappear to be coming f r o m the main pond at the SOS site and f l o w i n gnorth to northwest toward the Brazos River/ f o l l o w i n g the generalground water f l o w pat t ern (see F i g u r e 2 - 2 ) . The vertical extentof the p lume is not f u l l y known, but it is assuoed that theconcentration of the above four compounds is uniform throughoutthe s h a l l o w unconf ined a q u i f e r . Based on all s a m p l i n g result s ,no site cons t i tuent s have reached the deeper c on f in ed a q u i f e rbeneath the site. T h i s fa c t was most recently confirmed by thesampl ing in October 1987 which showed that none of the f ourv o l a t i l e organic compounds (nor any of the other Priori tyP o l l u t a n t const i tuents) were detected in any of the seven we l l ssampled which were screened in the deeper aquifer. A completedi scus s ion of the c on f ined a q u i f e r and its r e l a t i o n s h i p to thesha l l ow unconf ined a q u i f e r is found in the GHRI.
The p lume volume has been approx imated by taking the conservativeassumptions that the area of the plume is the main source areap l u s the plume as shown on Figure 2-2, and that the entiresaturated thickness is a f f e c t e d . T h i s area was measured with ap l a n i m e t e r . The estimated volume was calculated as shown below*

Est imated V o l u m e * Area x A q u i f e r T h i c k n e s s xB f f e c t i v e Porosity
1,674,444 Sq. Ft. X 24 Ft. X 0.3
12,056,000 Cubic Feet

* 90,180,000 G a l l o n s
In summary, the analyt i ca l data f rom the SDS site indicate thata l i m i t e d p lume of v o l a t i l e organic cons t i tuent s exi s t s and movesfrom the main pond in a northerly to northwesterly direction inresponse to ground water f l o w . Consequent ly, ground water withlow concentrations of these const i tuents di scharges into theBrazos River.

O
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3 - G R O U M D H A T E f t p O M T f i Q L O B J E C T I V E S
The HOP states the general goals and ob j e c t iv e s of remedialactions where it d e f i n e s the appropria t e extent of remedies in 40CF& 3 0 0 . 6 8 ( i ) as: "a c o s t - e f f e c t i v e remedial alternative thate f f e c t i v e l y mi t iga t e s and minimizes threats to and providesadequate p r o t e c t i o n of p u b l i c h ea l th and w e l f a r e and the environ-ment. " C o m p l i a n c e wi th this overall remedial o b j e c t i v e ismeasured, at leas t in p a r t , by eva lua t ing the s e l e c t ed a l t e r n a -t i v e s ' a b i l i t y to m i t i g a t e s i t e - s p e c i f i c risks, meet the s tacutorypre f e r enc e s for the selection of a remedy, and achieve compliancewith ARAKs. Cri t er ia based on these more s p e c i f i c o b j e c t i v e s areo u t l i n e d below.
3 • 1 R i s k - B a a e d O b j e c t i v e s
The exposure pathways evaluated in the Risk Asses sment e s t a b l i s hthe primary basis for i d e n t i f y i n g s i t e - s p e c i f i c goal s for eachremedial a l t ernat ive where ex i s t ing environmental regulatorycri teria are not avai lable* Under current and most probablef u t u r e l end-u s e c o n d i t i o n s / only one p o t e n t i a l pathway f o rexpo sure e x i s t s for ground water; th i s pa thway i s s e epage ofc o n t a m i n a n t s into the s h a l l o w a q u i f e r and subsequent d i s chargeinto the Brazos River. The Risk Asses sment al so describes thep o t e n t i a l scenario of ingestion of contaminated ground water inthe u n l i k e l y event that we l l s were to be in s tax l ed between thelagoon and the river, in the future. However, it should be notedthat the Source Contro l ROD c a l l s for the i m p l e m e n t a t i o n ofi n s t i t u t i o n a l control s to prevent any well i n s t a l l a t i o n in thev i c i n i t y o f th e lagoon.
All remedial a l t ernat ive s considered are de s igned to s a t i s f y thef o l l o w i n g ob jec t ive s:

1. M i n i m i z e po t ent ia l impacts on sur face waters.
2. M i n i m i z e p o t e n t i a l for river bank erosion.
3. Minimiz e the p o t e n t i a l for c ompl e t i on of new exposurepathways.

3.2 Sec t i on 1 2 1 f b ) S t a t u t o r y Objec t ive s
S e c t i o n 1 2 1 ( b ) of CERCLA, as amended by SARA, s tate s as f o l l o w s :"Remedial actions in which treatment which p e r m a n e n t l y and sig-n i f i c a n t l y reduces the volume, tox i c i ty or mob i l i ty of the haz-ardous substances, p o l l u t a n t s , and contaminants is a principal

3-1
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e l ement , are to be p r e f e r r e d over remedial actions not invo lv ingauch treatment," section 1 2 1 ( b ) aiao expands the goal s of reme-d i a l actions to i n c l u d e a p r e f e r e n c e for remedial actions thatu t i l i z e permanent s o l u t i o n s and a l t e r n a t i v e treatnent t e c h n o l o g i e sor resource technologie s to the maximum extent practicable.
3.3 flACt ion 1 2 1 Y d 1 S t a t u t o r y Obi active (AfiARa1
S e c t i o n 121 (d) o f C8RCLA, as amended by SARA, describes the t y p e sof s tandards that a remedial action is required to meet, thef u n d a m e n t a l s tandard for eva lua t ing remedies under Sect ion 121remains "pro t e c t i on of human h e a l t h and the environment**. Ina d d i t i o n , the s tandard s , requirements, cr i t er ia, or l i m i t a t i o n sunder any F e d e r a l environmental law, or any more s t r ingent S t a t es t a n d a r d , that are " l e g a l l y a p p l i c a b l e " or "relevant and appro**p r i a f t e " must be met. To obtain compliance with this generals t a n d a r d , a n d i n r e cogni t ion o f t h e E P A ' s J u l y > * , 1987 memorandum" I n t e r i m G u i d a n c e on compl iance with A p p l i c a b l e or R e l e / a n t andA p p r o p r i a t e Requirements", remedial al ternatives were analyzed tode t ermine what r egu la tory requirements would be a p p l i c a b l e orrelevant and a p p r o p r i a t e . T a b l e 3-1 present s the universe ofenvironmental s tandards that were reviewed to determine which ofthem had a bearing on remedial action at the site. P o t e n t i a l l ya p p l i c a b l e , relevant and a p p r o p r i a t e regulations for sur fac e waterand ground water are discussed as f o l l o w s :
o ARARa for Discharge to S u r f a c e W a t c y
The Brazos River runs a d j a c e n t to the s i t e ,discharges into the Brazos River. Ground water
S t a t e water q u a l i t y s tandard s ar e l e g a l l y e n f o r c e a b l e c ount erpar t sto the Federa l water quali ty criteria. In T e x a s , the S t a t e waterq u a l i t y s t andard s are set f o r t h in C h a p t e r s 319 and 307 of therules and regulat ions of the T e x a s H a t e r Commission. Tho s es tandards es tablish certain numerical criteria which are l e g a l l ya p p l i c a b l e to waters in the Brazos. All remedial al t ernat ive s aredesigned to s a t i s f y the requirements of 31 TAG S e c t i o n s 319.21-29, 307.1 to 307.10 for the di scharge of water f rom the upperu n c o n f i n e d sand zone to the Brazos.
with respect to concentrations of chemicals in the river:

( 1 ) F i n a l Maximum Contaminant Levels ( H C L s ) a r e consideredrelevant and a p p r o p r i a t e where HCLs are ava i lab l e ; and
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T a b l e 3-1

S a f e Drinking W a t e r A c t
C l e a n H a t e r Act
Occupational S a f e t y and H e a l t h Act
F i f t h a n d W i l d l i f e coordination A c t
Endangered S p e c i e s Act
Rivers and H a r b o r s Act of 1899
Scenic River Act
T e x a s W a t e r Code
T e x a s W a t e r Q u a l i t y S t a n d a r d s
M a r i n e Prot e c t i on, Research and S a n c t i o n s Act

Requirements f o r " ° « 1 P l a i n s and

ôr
vO
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(2) S t a t e and Federa1 water qua!ity criteria for theprotection of human health and the environment arerelevant and appropr ia t e where MCLs are not available.
In order to set the concentration l imi t s for surface waterd i f f e r e n t criteria are u t i l i z e d , depending on the data available.Numerical criteria are set only for the f our compounds detected
in the ground water, (benzene, trichloroethyiene, trans-1,2-dichloroethylene and te trachloroe thylene), as the source remedywill act to prevent migration of new waste* constituents. Twocompounds, benzene and tr i ch loroe thylc ^, have F e d e r a l l ye s tab l i sh ed M C L s which govern the level a l lowed in pub l i c d r i n J c i n gwater sources. For these two compounds the MCLs are 0.005 m g / l .The other two compounds do not have establ ished M C L s . Fort e trachloroethylene, the Water Quali ty Criterion of 0.008 m g / lbased on protec t ion of human heal th at the 10"6 excess risk levelfor cancer is used. No M C L s , water qua l i ty or R f D s have beenestablished for trans-1, 2-dichloroethylene, there fore no exposurelevels could be calculated for this compound. I n s t e a d , the maximumal lowab l e exposure concentration for trans-1,2-dichloroethylenewas set at 0.005 m g / l , the same level as for the p o t e n t i a lcarcinogens benzene and tr i ch loroe thyiene . S i n c e trans-1,2-dichloroe thylene is not a carcinogen, using this value will bemost protective of human health. The governing concentrationl i m i t s for each compound of concern are presented in T a b l e 3-2.
o ARARs for Ground W a t e r
The EPA' s ground water protection strategy is based on the" d i f f e r e n t i a l protection" of ground water (i . e . , ground water pro-t e c t i on as it relates to a s p e c i f i c c l a s s i f i c a t i o n of an a q u i f e r ) .Under the s trategy, ground waters are c l a s s i f i e d as f o l l o w s :

o Class I - ground waters that are h igh ly vulnerable andeither an irreplaceable source of drinking water ore c o l o g i c a l l y v i t a l ;
o Class II - ground waters currently used or p o t e n t i a l l yavailable for drinking water or other b ene f i c ia l use; and

C l a s s III - ground waters not a p o t e n t i a l sourcedrinking water and of limited bene f i c ia l use. of

For Cla s s I and Clas s II ground water Maximum Contaminant Levels(MCLs) e s tabl i shed under the S a f e Drinking Water Act would bea p p l i c a b l e for ground watsr sources which q u a l i f y as a p u b l i c
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L i 7 J T a b l e 3 - 3
- S f o r s u r f a c e w a t e r

s n e r r d a n o i s oo sa* s erv i c e s S i t e

C l e a n w a t e r A C I

«„«,.««,«.„,,„, o,
C h e m i c a l and CAS Number

Benzene
7 1 - 4 3 - 2

T e t r a c h l o r o e l h y l e n e
1 J 7 - 1 8 - 4

i . 2 - d l c h l o r o e l h v l « n e
( r r a n s )

540-60-5

r r i c h l o i o e t h y i e n a
79-01-6

I t l c o n s u m p t i o n o f consult.™ F r e s h w a t e r "
w t e r a n d f i s h o f F l . n o n l y «ul. L E C chroni c G o v e r n i n g A R A R

C o n c e n t r a t i o n s [ 3 '
O.OQ5

NA

0.005

0.0066

0.008

NA

0.027

0.4000

0.0885

NA

0.807

5. JO

5.28

NA

0.840

NA

45.4

0.005

0 . 008

O.OOS ( 4 ]

0.00$

CM
<^J-
VO<3-
v*
O

N A - N o t A v a i l a b l e o r N o t A p p l i c a b l e
Ml M a x i m u m c o n t a m i n a n t L e v e l , in mg,, und,r M l , O f t n k j n g ^^ ^::: r:r:r:::: ™:rr:.:• - r:,;:.;~; ;„•;,;;:;—•—•...... ...,.-r:"j=:"jrr.rm:=:r-'~--

i > t h o u g h t r a n , t . j d . c h l o r o e t h y l e n , , t n o t a know carc inogen.
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water system or a community water system. M C L s may also berelevant and appropriate to ground water that would not currentlyq u a l i f y as such systems but could p o t e n t i a l l y so q u a l i f y in thefuture. S i m i l a r l y , where the S t a t e has established drinking waters tandards that are more stringent than the Federa l M C L s , thesemay be a p p l i c a b l e or relevant and appropr ia t e .
For purpo s e s of de termining degree of remediation for ground waterunder Sec t i on 1 2 1 ( d ) , "a process for e s t ab l i s h ing a l t ernat econcentration l i m i t s to those otherwise a p p l i c a b l e for hazardousconstituents in ground water" exists. T h e s e alternate concentra-t ion l i m i t s which may be Uigher than other s tandards or s t a tu t o ryl i m i t a t i o n (such as M C L s ) , ?»re based on protection of humanhea l th . The human hea l th based concentration l i m i t s may beu t i l i z e d instead where the f o l l o w i n g criteria are met ( S e c t i o n1 2 l ( d ) ( 2 ) ( B ) ( i i ) ) s 1 ) There a r e known a n d p r o j e c t e d p o i n t s o fentry of the ground water into the sur face water, 2) there isand w i l l be no s t a t i s t i c a l l y s i g n i f i c a n t increase in the l e v e l sof c on s t i tu en t s f r o m the ground water into the sur face water, and3) remediation of the site wi l l include in s t i tu t i onal measuresto p r e c l u d e human exposure to a f f e c t e d ground water between thef a c i l i t y and all known or p r o j e c t e d po int s of entry of the groundwater into the s ur fa c e water. All of the above criteria are metf or th e SDS site* Alternate concentration l imi t s (ACLs) forground water which are protec t ive of human hea l th and theenvironment are calculated by s e t t ing the Brazos Riverconcentrations equal to the f i n a l HCL or where not a v a i l a b l e ,water q u a l i t y criteria for the protection of human health. Thec a l c u l a t i o n of A C L s for the compounds of concern is presented inT a b l e 3-3 t based on Brazos River low f l o w of 137 cfs and tak ingthe d i s charge area of the plume as the entire wid th of the mainpond p a r a l l e l to the river by the total thickness of the a q u i f e r .
T h e r e are two water-bearing zones under ly ing the site. The upper-most zone is unconfined. The next zone, which is separated f r o mthe u p p e r zone by a clay aquitard, is re f erred to as the c o n f i n e daqui f er . Whore the potent ial ground water pathway of concern isthrough a sur face water discharge, risk-based numbers o f t e n f o r mthe basis for e s tabl i shing protective levels for the saturatedzone* T h i s approach is al so u t i l i z e d where MCI* are not appro-priate. S p e c i f i c f a c t o r s that may i n f l u e n c e the appropr ia t e risklevel include:

(1) F a & s i b i l i t y o f prov id ing an al ternat ive water s u p p l y ;
(2) Current use of the ground water;

O
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L 5 6 3 T A B L E 3 - 3
C a l c u l a t i o n o f A q u i f e r C o n c e n t r a t i o n sBased o n M e e t i n g A R A R ' s

i n t n e B r a z o s R i v e r

A s s u m p t i o n s
A s s u m e d f a c i l i t y w i d t h = 284.7 m ( 9 3 4 f t . )A s s u m e d a q u i f e r t h i c k n e s s * 7 . 3 m ( 2 4 f t . )
1 . A q u i f e r P l o w ( 0 ) = k i Awhere: k - 7 . 9 E - 0 3 c m / s e c * 6.83 m / d a yi - O.0023 m / m ( a v e r a g e G r a d i e n t f o r 1986 a n d 1 9 8 7 )A * 2083 .4 m 2 ( f a c i l i t y w i d t h • a q u i f e r t h i c k n e s s )Q » 32 m 3 / d a y
2 . L o w R i v e r F l o w ( a t H e m p s t e a d ) * 1 3 7 c f s = 3 3 5 , 1 8 1 m 3 / d a y .
3 . U s e a s a f e t y f a c t o r o f 2 t o c a l c u l a t e a l l o w a b l e c o n c e n t r a t i o n s i n t h e a q u i f e r .

C a l c u l a t i o n s f o r a C o n c e n t r a t i o n o f 0.005 m o / I
( B e n z e n e , t r a n s - 1 , 2 - D i c h l o r o e t h y l e n e , T r i c h l o r o e t h y l e n e )

0.005 m g / l ( r i v e r c o n c e n t r a t i o n ) ' 3 3 5 , 1 8 1 m 3 / d a y ( m i n . r i v e r f l o w )* 1,000 l / m 3 ( c o n v e r s i o n f a c t o r ) - 1 , 6 7 5 , 9 0 5 m g / d a y ( t o t a l mass l o a d f r o m a q u i f e r )
1 , 6 7 5 , 9 0 5 m g / d a y ( m a s s l o a d ) / 3 2 m 3 / d a y ( a q u i f e r f l o w ) ' m 3 / l , 0 0 0 I ( c o n v e r s i o nf a c t o r )
- 5 2 . 3 7 m g / t v - 2 ( s a f e t y f a c t o r )s 26.2 m g / l = t h e a l l o w a b l e c o n c e n t r a t i o n i n t h e a q u i f e r

C a l c u l a t i o n s f o r a C o n c e n t r a t i o n o f 0.008 m g / l ( T e t r a c h l o r o e t h y l e n e )
0.008 m g / l ( r i v e r c o n c e n t r a t i o n f o r t e t r a c h l o r o e t h y l e n e ) * 3 3 5 , 1 8 1 m 3 / d a y ( m i n i m u mr i v e r f l o w )
* 1,000 l / m 3 ( c o n v e r s i o n f a c t o r ) * 2 , 6 8 1 , 4 4 8 m g / d a y ( t o t a l mas s l o a d f r o m a q u i f e r )
2 , 6 8 1 , 4 4 8 m g / d a y ( m a s s l o a d ) / 3 2 m 3 / d a y ( a q u i f e r f l o w ) * m 3 / 1 , 0 0 0 I ( c o n v e r s i o nf a c t o r )= 83.8 m a / l - - - 2 ( s a f e t y f a c t o r )
* 41 .9 m g / l « t h e a l l o w a b l e c o n c e n t r a t i o n i n t h e a q u i f e r

vO

O

N o t e s :
c a l c u l a t i o n s f o r A q u i f e r p e r m e a b i l i t y , g r a d i e n t a n d area c a n b e f o u n d i nt h e B a s e l i n e R f i k A s s e s s m e n t d a t e d N o v e m b e r I , 1988.
D i s c h a r g e o f t h e B r a z o s R i v e r a t l o w f l o w w a s m e a s u r e d b y t h e U S C S a t t h eH e m p s t e a d s t a t i o n , a p p r o x i m a t e l y 1 4 m i l e s d o w n s t r e a m o f t h e s i t e .
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(3) E f f e c t i v e n e s s and r e l i a b i l i t y o f insti tutional controls;
(4) A b i l i t y to monitor and control the movement of con-taminants in the ground water.

A l s o fa c t or ed into decision making should be:
(1) A b i l i t y t o l imi t extent o f contamination;
(2) I m p a c t of contamination on environmental receptors;
(3) Technical pra c t i cab i l i ty and cost of remedial alter-natives .

C l e a r l y , MCLs are not l e g a l l y a p p l i c a b l e to the shallow unconfinedground water source at the Sher idan site* T h i s is not a "pub l i cwater "/stem" as d e f i n e d under 40 CFR Part 1 4 1 . 2 ( e ) , as it is nota drinking water source being s u p p l i e d to at least 25 indiv idual sat least 60 days out of the year. I n d e e d , this source is nots u p p l i e d to a.y i n d i v i d u a l s , any days of the year, and institu-tional controls wil l be implemented to prevent its use in thef u t u r e .
The i n a p p l i c a b i l i t y of M C L s does not mean that this ground watersource does not need to be protec ted to l eve l s th^t w i l l avoid anendangerment to human health and the environment. Since the onlyreceptor for thi s ground water source is the Brazos River, it isexpec t ed that thi s goal can be achieved by ensuring that anypotent ia l impact f rom the site on the ground water will not resultin l eve l s of const i tuents t ha t , once discharged to the river,would have an adverse impact on human or aquatic receptors.T h e r e f o r e , the calculated ACLs for ground water are based onmeeting ARARs in the Brazos River. The numerical criteria forboth sur fa c e and ground water based on the pr e c ed ing ARARsanalysis are summarized in Tabl e 3-4. It should be noted thatwhile these propo s ed A C L s wil l provide for meeting M C L s in theriver, MCLs for benzene and tr i chloroe thylene are currentlyexceeded in shal low ground water at the site.
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J 6 4 2 T a b l e 3 - 4
N u m e r i c a l C r l t t r l a f o r s u r f a c e a n d G r o u n d W a t e r

compound
S u r f a c e W a t e rC o n c e n t r a t i o n( m o / I )

Benzene
T e t r a c h l o r o e t h y l e n e
1 , 2 - t r a n s - d l c h l o r o e t h y l e n e

T r i c h l o r o e t h y l e n e

0.005
0.008
0.005
0.005
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26
41
26
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4 - S C R E E N I N G O F G R O U N D H A T E R R E M E D I A L A L T E R N A T I V E T E C H N O L O G I E S
4.1 Purpose and S c o p e
The purpose of this section is to d e f i n e the general classes ofresponse actions a p p l i c a b l e to the site, i d e n t i f y s p e c i f i ct e chnologie s under each of the general c las se s , and to screena p p l i c a b l e technologies against s i t e - s p e c i f i c criteria. Thetechnologies which are retained f r o m this screening w i l l beassembled into remedial al ternatives and analyzed in f u r t h e rde ta i l .
General response actions are classes of remedial actions whichd e f i n e the basic approach to so lving a p a r t i c u l a r problem or groupof problems at the s i t e / but do not i d e n t i f y the s p e c i f i ctechnologies . General response actions are i d e n t i f i e d asa p p l i c a b l e if they have the p o t e n t i a l to contribute to groundwater remediation either alone or in conjunction with otherresponse actions. The general c lasses of remedial actionsconsidered a p p l i c a b l e to i:he ground water are;

1) Active restoration,2) Containment through hydraul i c c on tro l , and3) Limi t ed or not active response.
S p e c i f i c methods to ac compl i sh each of these classes of responseactions have been i d e n t i f i e d . Pot en t ia l ly a p p l i c a b l e methods ofa c c o m p l i s h i n g the general response actions for ground water arepresented in T a b l e 4-1. T h i s l i s t constitutes the extent ofmethods considered in the screening p e r f o r m e d in the f o l l o w i n gsection.
4.2 S u i t a b l e Remedial Responses
In the next s t e p , remedial t e chnologi e s , corre sponding processop t i on s , and a p p l i c a b l e general response actions were i d e n t i f i e d .Thes e remedial t echnologie s and other response actions werescreened in a process involving f i v e considerations: the s tateof technology development, per formance record, inherent construc-tion and operation prob l ems , site condit ions , and waste charac-teristics* Innovative technologies that were p o t e n t i a l l y coste f f e c t i v e were preserved. T e c h n o l o g i e s and process op t i on s wereassessed independently without regard to potential advantages anddi sadvantage s of t echnologie s when a p p l i e d in combination.T e c h n o l o g i e s and other -response actions were assessed based ontheir direct s u i t a b i l i t y to ex i s t ing condi t ions at the siv.e. The
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T A B L E 4-1
G E N E R A L R E S P O N S E

Plume Containment
o S l u r r y W a l lo Grout Curtaino Sheet P i l i n go Pumping H e l l so I n t e r c e p t o r Trench

Act iv e Restoration
o Biorestorationo I n - S i t u Chemical Oxidat iono Extraction and Treatment

Limited or Ho Active Response

A C T I O N S

o N a t u r a l Att enua t i on with Moni t or ingo Provision o f A l t e r n a t e W a t e r S u p p l yo i n s t i t u t i o n a l Contro l s
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re su l t s of this screening of t e chnologie s and other responseactions for the S h e r i d a n Dispo sa l Service s site are summarizedin T a b l e 4-2. Remedial t e chno log i e s are grouped by the generalresponse act ion which they addres s . Each p o t e n t i a l remedialresponse is b r i e f l y evaluated in the f o l l o w i n g paragraphs .
4.2.1 Containment

S l u r r y W a l l
A slurry wall is a vertical low-permeabil i ty barrier to groundwater f l o w constructed in soil by excavating a trench and f i l l i n git with a soil-cement or soi l-bentonit« slurry. The slurry p l u g sthe void spaces in the surrounding s o i l s , f orming the barrier tof l o w .
Slurry wa l l s are a proven technology for the control of groundwater in both environmental and geotechnical p r o j e c t s . A l t h o u g ha s p e c i a l l y s k i l l e d and equ ipped construction crew is required,a slurry wall can be f a i r l y eas i ly constructed using common earthmoving equipment. For the S h e r i d a n s i t e , d e p t h s of 50*60 f e e twould be required (keyed-in to S t r a t u m C). S i n c e construction ofs lurry w a l l s to d e p t h s in excess of 100 f e e t has been done, it isquite certain that a slurry wall of this d e p t h can be constructed.Once constructed, the operat ing and maintenance costs of a slurrywall are r e l a t i v e l y smal l . W a s t e characterist ics do not appearto be incompat ib l e with slurry wall construction requirements.
However, slurry w a l l s are not g e n e r a l l y sui table for s t e e p l ys l o p i n g terrains. A slurry wall at the S h e r i d a n site would belocated near a sharp embankment above the Brazos River. A l t h o u g hthere is a r e l a t i v e l y f l a t area about 100 to 200 f e e t wideavailable for construction of a slurry w a l l , the po t en t ia l forerosion exis t s .
Since erosion control wil l be implemented as part of the sourceremedy, long-term erosion wi l l not damage the e f f e c t i v e n e s s of aslurry wal l . A spur j e t t y erosion control system has beenengineered for the dimensions and velocities of this reach of theBrazos River.
The spur j e t t y system reduces the velocity of water at the baseof tha high bank and redirects currents into the m i d d l e of theriver. T h i s prevents addi t ional erosion and causes d e p o s i t i o n ofa protective mass of waterborne material at the base of tha highbank. The s e spur j e t t y systems have been s u c c e s s f u l l y used atover f i f t a e n sites on the Brazos River since 1961.

4-3 L880

o
<=3'
\O
*3

T—
O



1I111111V11111111111

T A B L E 4-2
S C R E E N I N G OF RESPONSE

Response Action
1. Plume Containment

o S l u r r y W a l lo Grout curtaino Sheet Pil ingo Pumping W e l l so I n t e r c e p t o r Trench
2. Active Restoration

o Biores torationo I n - S i t u Chemical Oxidat iono Extraction and TreatmentAir S t r i p p i n gCarbon A d s o r p t i o nBiolog i ca l Treatment

A C T I O N S

Ozonation/Chemical Oxidation
3. Limited or No Active Response

o N a t u r a l A t t e n u a t i o no Provision of Alt erna t e Water S u p p l yo institutional Controls

4-4

S u i t a b l e
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For the reasons 1 isted above, the slurry wall is a su i tab l etechnology for the Sheridan site at the screening level.
Grout CurUio
A grout curtain is a f ona of vertical f l o w barrier. It isconstructed by d r i l l i n g a series of boreholes in a s t a g g e r e d ,double row pattern, and i n j e c t i n g grout into the format ion throughthese boreholes. The staggered pat t ern resul t s in a series ofo v e r l a p p i n g grouted columns*
The a b i l i t y of grout to penetrate f i n e grained so i l s is not welldemonstrated. The f a i l u r e o f grout penetrat ion w i l l leaveunsealed pathways through the hydraul i c barrier. The groutcurtain is very expensive to construct when compared to the slurrywall and is f r e q u e n t l y a le s s e f f e c t i v e barrier to migration.
Due to the uncertainty in p e r f o r m a n c e aiid p o t e n t i a l constructionproblems stated above, th° grout curtain is not retained forf u r t h e r consideration.
S h e e t P i l i n g
A sheet p i l i n g c u t o f f wall uses inter locking sheet p i l e s , u s u a l l ys t e e l , which are driven into a lower c o n f i n i n g layer to f o r m abarrier to ground water f l o w .
The sheet p i l i n g c u t o f f w a l l , although eas i ly implemented in theunconso l ida t ed so i l s at the site does not provide an e f f e c t i v ebarrier. The j o i n t s between the interlocking p i l e s provide ap o t e n t i a l pathway for migration. Furthermore, the in t egr i ty o fthe wall may decrease with time as the steel may be corroded bythe contact with ground water of r e l a t i v e l y high conduct ivi ty*
Sheet p i l i n g is not a su i tab l e for the site due to a n t i c i p a t e dproblems with its p er formance .
P u m p i n g W e l U
A recovery well may be u t i l i z e d to control migrat ion of a p lumeby pumping a f f e c t e d ground water from the aqui fer. U s u a l l y a lineof w e l l s is required in order to d ev e l op a zone of i n f l u e n c e whichwil l control migration over a distance.
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The i n s t a l l a t i o n and operat ion of recovery w e l l s are wel le s tab l i shed and well understood t e chnologie s . W i t h c a r e f u lplacement, a number of recovery wel l s should p e r f o r m the requiredlevel of recovery. The recovered ground water would be treatedprior to discharge.
The p o t e n t i a l d i sadvantage of recovery w e l l s is that the entiresite discharges only an estimated 7.1 gal lons per minute of groundwater to the Brazos River. W e l l s would not be expected to recoververy much f l o w ; spacing of we l l s must be c a r e f u l l y designed sothat i s o la t ed f l o w pathways between w e l l s would not exist.
Recovery w e l l s are retained for fur th er evaluation based on thewell e s tab l i shed nature of the t e chno logy and the a n t i c i p a t e dleval of performance.
I n t e r c e p t o r T r e n c h / P r e a c h Drain
An interceptor trench, l ike recovery w e l l s , is des igned to l imi tthe migration of a f f e c t e d ground water. It is a verticalexcavation u s u a l l y down to the bottom of the saturated zone,f i l l e d with a coarse graded b a c k f i l l to promote drainage and o f t e ncontaining a p e r f o r a t e d drain p i p e . The recovery trench has theadvantage of being a c ompl e t e barrier to forward f l o w of groundwater. The trench is t y p i c a l l y more expensive than a line ofw e l l s , but is f r e q u e n t l y p r e f e r r e d in lower p e rmeab i l i ty strataor where very low f l o w s are to be recovered; when dense non-aqueous l i q u i d s are to be recovered; or when the stratum is non-homogenous and i s o la t ed f l o w pathways that wi l l bypass a l ine ofwel l s may exist.
The construction and operation of recovery trenches are welle s t a b l i s h e d , well understood technologies . T y p i c a l recoverytrenches are constructed to a d e p t h of about 30 f e e t , a l thoughwith more sophis t i cated construction techniques, deeper trencheshave been i n s t a l l e d . A recovery trench at the S h e r i d a n site wouldneed to be about 60 f e e t d e ep , and would be constructed inunconso l idated sediments. In order to construct the trench somemethod of preventing c o l l a p s e of the unconso l idated so i l s duringexcavation would have to be included.
The bio-polymer slurry trench is a method that has beens u c c e s s f u l l y used in a few s imi lar instances. The constructionmethod is s imilar to that of a slurry trench in that theexcavation is held open by the use of a slurry until the trenchcan be b a c k f i l l e d with the drainage media. The slurry used inthis case ia a biodegradable slurry, which is in i t i a l ly a pseudo-
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p l a s t i c f l u i d / then breaks down n a t u r a l l y to innocuous substances.It may be f e a s i b l e to construct a recovery trench at the S h e r i d a nsite using this technique.
The recovery trench is retained for f u r t h e r evaluat ion, due tothe potential advantages it poses over recovery wells*

4.2.2 Active Restoration
B l o r e s t o r a t l o B
T h i s process consists of the enhancement of natural b i o l og i ca ldegradation of organic constituents by the i n j e c t i o n of nutrients,such as ni trogen, pho sphorus and f r e q u e n t l y oxygen andmicroorganisms.
The i m p l e m e n t a t i o n of this process i s f a i r l y s i m p l e and wel ldocumented for hydrocarbon cons t i tuent s; however, the success withregards to chlorinated so lvent s , e s p e c i a l l y in the low part perb i l l i o n concentrations is unknown. In a d d i t i o n , areas where s i l t sand clays predominate make t r a n s f e r of material s d i f f i c u l t .
T h i s treatment i s considered unsuitable for fur ther considerationdue to the low concentrations of not ea s i ly biodegradedconst i tuents .
I u - S i t u Chemical O x l d a t l o a
T h i s process is s imi lar to in-situ biological treatment in thatchemicals Are i n j e c t e d into the ground water to e f f e c t treatment.A chemical ox id iz er such as hydrogen perox ide is i n j e c t e d andc h e m i c a l l y ox id iz e s the cons t i tuent s to a non-toxic form.
The i m p l e m e n t a t i o n of this process is f a i r l y s i m p l e in permeablemater ia l , but r e la t i v e ly d i f f i c u l t in low p e r m e a b i l i t y mater ial s .It has not been widely app l i ed as an in-situ process, thereforeit is not a well deve loped technology.
T h i s treatment is considered unsuitable for fur ther considerationfor several reasons l i s t ed below:

o T h i s t e chnology has not been w i d e l y u t i l i z e d *
o It is not well d ev e l op ed .
o The low ground water transmis s ivi ty would slow the overallremediat ion.
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o The process is n o n - s p e c i f i c for the target compounds.Other compounds present may i n t e r f e r e with the ox idat ionof target compounds.
o There are concerns for worker heal th and s a f e t y withh a n d l i n g chemical o x i d a n t s , which are f r e q u e n t l y reactiveor corrosive.
o The target compounds are present at very lowconcentrations compared to wastewater where chemicalox idat ion is t y p i c a l l y used. T h u s , there exis t suncertainty that adequate contact of target organics withthe oxidant w i l l occur.

Extrac t i on and S u r f a c e Treatment
1. Air s t r i p p i n g

In this process, the water to be treated is contacted in acountercurrent manner with air in a packed tower. V o l a t i l econstituents in the water evaporate and are carried out with theair stream. Air s t r i p p i n g is f r e q u e n t l y employed where VOCconcentrations are f a i r l y h igh, where the high usage rate ofgranular activated carbon would be p r o h i b i t i v e l y expensive* Thecompounds in the air stream may be vented to the air if the massf l o w rate or concentration meets ambient air quality standards;otherwise an activated carbon adsorber is employed to remove thesecompounds f r o m the air stream be for e venting to the atmosphere.
Air s t r i p p i n g is g en era l ly a good treatment process for groundwater. However, given the low concentrations of constituents inthe sha l l ow ground water at the Sher idan s i te , air s t r i p p i n g wouldnot be certain to attain the treatment goal s . Furthermore,economics favor the use of granular activated carbon adsorpt ionat the S h e r i d a n site. Air s t r i p p i n g is r e j e c t ed in favor of GAGadsorption since it would be less reliable and more expensive atthe S h e r i d a n site.

2. Carbon adsorption
Granular activated carbon (GAC) adsorp t i on is a treatment processwhich removes organic constituents. Active sites on the carbonp h y s i c a l l y adsorb organic cons t i tuent s f rom the water. Eventua l lythe active sites are occupied and the carbon must be replaced orregenerated.
The GAC treatment process is s imple to implement and operate.The t e chnology is wel l e s tab l i shed . For the low molecular weight
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ch lor inated compounds and benzene, GAC is the most r e l i a b l etreatment process. Furthermore , the low concentrations ofconst i tuents to be removed make the economics most favorab l e forGAC ad sorp t i on . As the cost e s t imate s in S e c t i o n 6 indica t e , f o u r200-pound d i s p o s a b l e units cos t ing $600 each wil l be u t i l i z e dannual ly . For these reasons, GAC is retained for fur ther study*
3. Biological treatment

S u r f a c e b io logical treatment consists of the b iological degrada-tion of organic cons t i tuent s in a process u n i t / enhanced by thea d d i t i o n of nutr ient s , such as nitrogen, phosphorus and oxygen.
T h i s treatment i s considered unsuitable for further considerationdue to the low concentrations of not ea s i ly b i odegradedconst i tuents .

4. O z o n a t i o n / C h e m i c a l Oxidation
The organics in the ground water are chemica l ly ox id iz ed to a le s stoxic f orm in a continuous f l o w , stirred tank reactor with theadd ill on of a chemical o x i d i z e r such as hydrogen p erox id e , or UVcatalyzed ozone. The ant i c ipa t ed reaction product s are carbond i o x i d e , water, and hydrochlor ic acid* A pH a d j u s t m e n t systemcould p o t e n t i a l l y be required to neutralize the end product s; alsoa vent gas scrubber may be required to control acid gas releasef r o m the reaction.
The most commonly used oxidant s are hydrogen peroxide and ozone,f r e q u e n t l y UV c a t a l y z e d . Reported uses of hydrogen peroxide aremainly for treatment of inorganics. S t u d i e s indicate that cata-lyzed hydrogen perox ide ox ida t ion processes can remove organicsby 36% to 66% (Removal of H a z a r d o u s Was t e s in Was t ewat er TreatmentF a c i l i t i e s - H a l o g e n a t e d Organics, WPCF 1 9 8 6 ) . Removal of benzeneto 0.005 mg/1 would require an e f f i c i e n c y greater than 80%.H y d r o g e n perox ide ox idat ion systems have the added di sadvantagesof c ompl ex operat ion, in t er f er ence s of other const i tuents with thereaction t the hazard and expense of the reagent ( $ 0 . 6 0 / I b in1 9 8 8 ) , and frequent requirement for metal s addi t ion as ca ta ly s t .For these reasons, hydrogen perox ide ox idat ion is not retained.
ozonation is a process s imi lar to hydrogen peroxide oxidat ion.Ozone is an unstable gas and must be generated on-site, increasingthe c o m p l e x i t y of the system. Ozone is unreactive or very slowto react with many chlorinated a l i p h a t i c compounds, inc luding tri-and t e t raoh loro e thy l ene . Ozonation is also re lat ive ly i n e f f e c t i v e

4-9 L880

inm

O



IIIIIIIIIIIIII

at benzene oxidation. T h i s process has added disadvantages ofhigh capi tal and O&M costs, and requirement of s k i l l e d treatmentplant operators to maintain and operate the s oph i s t i ca t edequipment. ( I b i d pp. 61*68). For these reasons, ozonation is nota su i tab l e treatment process for the Sher idan site.
As with in-situ chemical ox ida t i on , this treatment is consideredunsuitable for further consideration due to the low concentra-tions of constituents and unfavorable reaction kinetics. A l s o ,this type of system is more complex to operate and less reliablethan other treatment schemes.

4.2.3 Other Remedial Responses
N a t u r a l A t t e n u a t i o n
N a t u r a l attenuation consists of various n a t u r a l l y occurringp h y s i c a l , chemical and b io logi ca l processes which act to reduceconstituent levels. T h e s e processes may include ad sorp t i on onthe soil matrix, biodegradation, v o l a t i l i z a t i o n and di lu t ion withincident rainwater. N a t u r a l a t t enuation is g e n e r a l l y a p p l i c a b l eunder the f o l l o w i n g conditions.

o Low aqui f er transmissivity ( l e s s than 50 ft3/day)
o Low concentrations of contaminants
o Low po t en t ia l for exposure
o Low p r o j e c t e d demand for f u t u r e use of the ground water

According to EPA guidance, "when const i tuents are expected toattenuate to health based levels in a re la t ive ly short distanceor when there is a narrow s '-rip of land between the dischargestream where contaminant l eve l s are not expected to increase,natural attenuation may be the most prac t i cab l e response."(Guidance on Remedial Actions for Contaminated Ground Water atS u p e r f u n d S i t e s , E P A / 5 4 0 / 6 - 0 8 / 0 0 3 pp. 5-7 to 5-9). Since most ofthe preceding conditions a p p l y , natural attenuation is retainedfor further consideration.
I n s t i t u t i o n a l Contro l s
The restriction of ground water use is g enera l ly accomplishedthrough the use of in s t i tu t i onal controls. I n s t i t u t i o n a l controls
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proposed herein include restriction of construction of water w e l l sand deed restrictions recorded in the county c l e r k ' s o f f i c e on theuse of the s ha l l ow a q u i f e r between the pond and the river.I n s t i t u t i o n a l controls will be s u f f i c i e n t because the land ownerhas agreed not to take any action which would adversely a f f e c t theremedy.
The use of in s t i tu t ional controls to prevent use of a f f e c t e dground water is ant ic ipated to be re l iable and e f f e c t i v e for thef o l l o w i n g reasons:

o There are no current users of sha l l ow ground waterdowngradient of the site between the pond and the river(see F i g u r e 2-3 o f the GWRI).
o The narrow s t r i p of land between the site and the BrazosRiver is part of the Sheridan property.
o The plume is now located in this narrow s tr ip of land fromthe main pond due north to the Brazos River, with l imi t edmigration in the east-west direction.
o The measured hydraul ic gradient s indicate that theprevai l ing f l o w is the north (to the Brazos River).
o The amount of water per unit width (perpendicular to thef l o w d ir e c t i on) in the unconf ined aqu i f e r is very low,a p p r o x i m a t e l y 2 .2 f t V < t e y (17 g p d / f t ) .
o The yield of this aqui f er is too low to be of agriculturaluse, which is the most l ik e ly potent ial use.

It can be concluded that ground water use from the a f f e c t e d areacan be e f f e c t i v e l y restricted by preventing site access and bydeed restrictions recorded in the county c l e r k ' s o f f i c e . For thisreason, Insti tut ional controls are retained for furtherconsideration.
M o n i t o r i n g
Monitoring consists of the analysis of ground water samples fromw e l l s both upgradient and downgradient of the p lume to track itsmovement. A d d i t i o n a l l y , for the Sheridan site, monitoring ofs ur fa c e water is appropr ia t e since the plume has reached theBrazos River. Moni t or ing is used to determine the e f f e c t i v e n e s sof active restoration processes as veil as natural attenuationwith in s t i tu t ional controls* It is eas i ly accomplished throughthe use of monitoring we l l s . Monitoring for this site is not onlyf e a s i b l e , but is a' necessary component of every actionalternative. It is retained for this reason.
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5 - A S S E M B L Y OF G R O U N D W A T E R R E M E D I A L ALTERNATIVES
The ob jec t ive of this task is to combine surviving technologiesf r o m S e c t i o n 4 into a range of remedial a l t ernat ive s for the SDSsite which f o c u s on the remediation ob j e c t iv e s presented inSection 3, and which are consistent with EPA requirements andsound engineering practice. A total of f i v e remedial actionalternatives were d e v e l o p e d , in c lud ing a no-action al t ernat ive .A fact sheet for each alternative provides a discussion of thed i s p o s i t i o n of site material along with the sequence of theproposed remedial work. T h i s in f o rmat i on is used a long withconsiderations of e f f e c t i v e n e s s , impl ementab i l i ty and cost toselect a more l imi t ed set of al ternatives for d e t a i l e d analys i s .
5 ,1 Alternat ive s

00in
From the l i s t of su i table remedial action t e chnologie s containedin T a b l e 4-2, it is pos s ib le to assemble complete remedialal t ernat ive s which addre s s the remedial o b j e c t i v e s in S e c t i o n 3,at tain Federa l and S t a t e requirements that are a p p l i c a b l e orrelevant and appropria t e * <d are protective of human health andthe environment.
The EPA guidance document (Guidance on Remedial Actions forContaminated Ground W a t e r at S u p e r f u n d S i t e s ) issued since thepas sage of the S u p e r f u n d Amendments and Reauthorizat ion Act setsf o r t h a general scheme for developing a range of remedialal t ernat ive s that should be evaluated in the FS. The generalcategories within this range are as f o l l o w s :

O

1. A No Action a l t ernat ive .
2.

3.

4.

5.

A natural attenuation alternativein s t i tu t i onal controls and monitoring. that includes

An active restoration alternative that reduces contaminantlevel s to required c l eanup l eve l s in the minimal timef e a s i b l e .
A d d i t i o n a l active restoration a l t ernat ive s that achievecleanup l eve l s over longer time frames .
A plume containment al t ernat ive that prevents expans ionof the plume.

5-1 L8SO
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6. An al t ernat ive involving we l lhead treatment or provis ionof an alternative water s u p p l y and institutional controlswhen active restoration is not prac t i cab l e .
The p r i n c i p a l f e a t u r e at the S h e r i d a n Disposal Service s site isthe twelve acre surface impoundment or main pond. The sourceremedy includes treatment of s ludge s and a f f e c t e d so i l s f r o m thisimpoundment, and d i s p o s i n g of treatment residues along with othersource material under an engineered cap. Since the sourcematerial wi l l be e f f e c t i v e l y contained, the ground wateralternatives focus on the remedy of exist ing waste constituentsin the ground water.
5.2 Remedial A l t e r n a t i v e s
The f o l l o w i n g pages contain f a c t sheets f or each al t ernat ive . in\o

o
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o Alternat ive 1 - No Action
Sequence of Work
None . Mo monitoring, in spec t i on or maintenance.
Discussion:
T h i s a l t ernat ive does not provide for any a d d i t i o n a l c a p i t a limprovements at the s i te , beyond the source area treatment andcontainment.

o

O
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o Alternat ive 2 - Natural Attenuat ion with I n s t i t u t i o n a lControls and.Monitoring
Sequence of Work
1. Monitor ground water and Brazos River water qua l i ty
2. implement insti tutional controls
Discussion:
T h i s a l t e rna t iv e provides f o r a l l o w i n g natural a t t enuat ionprocesses to act upon the cons t i tuent s , a p p l y i n g in s t i t u t i ona lcontrols to prevent ground water from domestic or agricul turaluse and monitoring the qual i ty of water within the current groundwater plume. As demonstrated in Sect ion 3 of this document, thelow concentrations detected in the unconfined aqui f er do not posea current risk to human h e a l t h and the environment. Theimp l emen ta t i on o f in s t i t u t i ona l controls e f f e c t i v e l y addresses thef u t u r e exposure to ground water. Furthermore, since the sourceareas wi l l be e f f e c t i v e l y contained, f u t u r e site condi t ions shouldnot deteriorate. T h e r e f o r e , both current and f u t u r e condit ionsare addressed with this alternative.
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o A l t e r n a t i v e 3 - Part ia l S l u r r y W a l l with Ground W a t e r Trea tmen t
Sequence of Work
1. I n s t a l l slurry wall downgradient of the site (i . e .the site and the Brazos River) .
2. I n s t a l l recovery w e l l s upgrad i en t f r o m the slurry
3. Construct surface treatment f a c i l i t y .
4. Recover and treat on-site and discharge.
5. Monitor ground water.
6. I m p l e m e n t in s t i tu t i ona l controls.

Discus s iont

between

w a l l .

In this a l t ernat ive , the primary mechanism for c o n t r o l l i n gmigration of waste constituents in the ground water is the slurryw a l l , with the recovery w e l l s c o l l e c t i n g f l o w around the ends ofthe w a l l . The presence of the slurry wall minimizes thewithdrawal of u n a f f e c t e d water with the wa l l s , thus minimizingthe volume of water requiring treatment.

-
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o Alternat iv e 4 - C o m p l e t e S l u r r y W a l l
Sequence of Work
1. Construct slurry wall around the site (i . e . around the mainp o n d ) .
2. Devater the area inside the excavation for the s lurry w a l l .Dispose of a f f e c t e d ground water on-site in a manner approvedby EPA or at an o f f - s i t e f a c i l i t y permitted to accept CERCLAsite wastes*
3. I n s t a l l leachate c o l l e c t i on system.
4. Recover leachate and di spose on-site in a manner approved byEPA or at an o f f - s i t e f a c i l i t y permit t ed to accept CERCIA sitewastes.
5. Moni tor ground water.

Discussion:
The slurry wall w i l l act to surround the source and attainmentarea, e l iminat ing migration of ground water through any remainingmaterials. A properly designed and constructed slurry wall willprovide an e f f e c t i v e ground water barrier for many decades withl i t t l e or no maintenance. The very minor amount of water removeda f t e r construction consists of incident rain water p e r c o l a t i n gthrough the area and a small volume of ground water f l o w i n gthrough the low permeabi l i ty wal l . Removing this water througha leachate c o l l e c t i on system ensures that the hydrau l i c gradier tis inward.

vO

o
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° A l t e r n a t i v e 5 - Recovery W e l l s ar^ «r»n^ uater T r e a t m g n i -
Sequence of Work
1. I n s t a l l recovery w e l l s downgradient of site.
2. Construct s ur fa c e treatment f a c i l i t y .
3. Recover and treat ground water on-site.
4. Moni tor ground water.
5. I m p l e m e n t i n s t i t u t i o n a l controls.
Discussion:
T h i s a l t ernat ive inc lude s the t rad i t i ona l method of control ofground water migration: withdrawal and treatment The tr«i-»Hwater w i l l be di scharged to the Brazos River. treated O
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O jax . t - jBtna t iv e f t _— K e c v i
Sequence of Work
1. i n s t a l l recovery trench downgradient of site.
2. Construct sur face treatment f a c i l i t y .
3. Recover, treat and discharge ground water on-site.
4. Monitor ground water.
5. I m p l e m e n t i n s t i t u t i o n a l control s .
Discussion:
T h i s a l t ernat ive is the same as A l t e r n a t i v e S exceDt thai-ground water is recovered with a trench rather than we l l s .

in

o
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5.3 ini t ia l Scr e en ing
F o l l o w i n g assembly of these six remedial al t ernat ive s , eachalternative was evaluated on the basis of e f f e c t i v e n e s s , ease ofi m p l e m e n t a t i o n , and pre l iminary costs. Pre l iminary cost e s t imatesare presented in T a b l e 5-1. On the basis of this evaluation, twoalternatives were re j e c t ed . The rationale for r e j e c t ing theseal ternatives is provided below:
Alternat ive 4 - Comple t e Slurry W a l l
T h i s a l t ernat ive e f f e c t i v e l y addres se s al l the risk-based andregulatory remedial objectives. However, a slurry wall encirclingthe entire site is the most expensive al ternative, while being nomore e f f e c t i v e at ground water remediation than other lessexpensive alternatives such as Partial S l u r r y W a l l with GroundWater Treatment and Recovery W e l l s with Ground Water Treatment.
A l t e r n a t i v e 6 - Recovery Trench with Ground Water Treatment
T h i s a l t ernat ive also e f f e c t i v e l y addres se s a l l the risk basedand regulatory remedial o b j e c t iv e s . It is screened out at thisstage based on both costs and implement ab i l i ty . The problem ofexcavating a r e la t i v e ly deep trench in uncon s o l i da t ed , non-cohesive so i l s has been s u c c e s s f u l l y addressed at a few sites bythe use of a biodegradable polymer to hold the trench open untilit is b a c k f i l l e d , A very f ew, h ighly specialized constructionf i r m s are currently able to p e r f o r m th i s type of work. There isl imi t ed space at this site in which to comple te this construction.T h i s type of trench can be constructed, but its in s ta l la t i on wouldbe d i f f i c u l t , more expensive, and no more e f f e c t i v e than u t i l i z i n gw e l l s to recover the ground water.
5.4

vO
vO
MD

O

The f o l l o w i n g a l t ernat ive s survived the prec ed ing ini t ia lscreening, and undergo d e t a i l e d de s ign analys i s in the nextsection:
No Action
Natura l A t t e n u a t i o n with I n s t i t u t i o n a l Contro l s andMonitoring
Partial S l u r r y W a l l with Ground W a t e r Treatment
Recovery W e l l s with Ground Water Treatment
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Alternat ive

1. No A c t i o n

T a b l e 5-1
Comparison of Cost andT i m e t o C o m p l e t i o n

T o t a l Cost( M i l l i o n S I
T i m e toC o m p l e t i o nf Years l_M

2. Natural Attenuationwith I n s t i t u t i o n a lC o n t r o l s and Monitoring
3. Part ial S l u r r y W a l l w/Ground Water Treatment
4. Comple t e S l u r r y W a l l
5. Recovery W e l l s w/Ground Water Treatment
6. Recovery Trench w/Ground W a t e r Treatment

0.3

4.2

10.8
5.3

8.3

30

25 [ c ]

r-\o
vO

o
25

251

For monitoring costs, it is assumed that we l l s are in s ta l l edduring Source Remediation. Cost s included here are only thecost, of s a m p l i n g and analyses.The time frames calculated in A p p e n d i x A are only generalapprox imat ions of the time it might a c t u a l l y take to extractone pore volume. Actual time frames may be considerablylonger. The coats and times to c ompl e t i on are based on theassumption that extraction of one pore volume w i l l be adequatef o r comple t ion.Since these a l t ernat ive s were not carried through to the de s ignanalysis, s p e c i f i c times to completion were not calculated.The time frames for these al ternatives are assumed to be thesame as for A l t e r n a t i v e 5.
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6 - O F G R O U N D W A T E R A L T E R N A T I V E S
Previous sections i d e n t i f i e d combinations of ground water controlt e chnologi e s that can be used at the SOS S i t e to protect humanhea l th and the environment. Sec t i on 5 developed these combinationsof technologies into alternatives and screened out two alterna-tives. T h i s section d e v e l o p s fur ther the evaluation of thesurviving alternatives, and then compares the relative strengthsand weaknesses of each alternative. The remaining alternative!* aredes ignated as f o l l o w s for ease of reference:

A l t e r n a t i v e A -
Alternat ive B -

A l t e r n a t i v e C -

A l t e r n a t i v e D -

N o Action
Natural Attenuation with Ins t i t u t i ona lContro l s and Moni t or ing
Partia l S l u r r y W a l l with Ground W a t e rTreatment
Recovery w e l l s with Ground W a t e r Treatment

Comparisons of the detai led design of the three remaining alter-natives are made in terms of compliance with ARARs; reduction intoxic i ty, mobi l i ty or volume; short-term e f f e c t i v e n e s s ; long-terme f f e c t i v e n e s s and permanence; i m p l e m e n t a b i l i t y ; cost; and overallprotec t ion of human heal th and the environment. Comparisons arebased on guidance provided in a J u l y 24, 1987 EPA meao from J.W i n s t o n Porter and are f i r s t presented in d e t a i l e d narrativedi scus s ion, and summarized by a check ( " . " } , check-plus ( " + " ) ,check-minus (**-") scale. More de tai led cost comparisons are thenmade, with s en s i t iv i ty analyses based on cap i ta l cost, O&H cost,and present worth discount rate.
6.1 pesicm of A l t e r n a t i v e s
A conceptual design has been d e v e l o p e d for Alt erna t iv e s C and Dbased on the GWRJ, RA and appended in f o rmat i on . The s e des ignsincorporate engineering j u d g m e n t , vendor data, and experiences withcomparable ground water remediation p r o j e c t s .
T h i s section covers the de s ign of a slurry wall and ground waterrecovery and treatment systems. The ground water treatment systemand the recovery well construction would be common to bothA l t e r n a t i v e s C and 0.
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6.1.1 Design _Basis
Ground water would be recovered only f r o m the unconf ined a q u i f e rsince the ground water analy t i ca l data indicate that no wasteconst i tuents are present in lower water bearing strata.Furthermore , the Stra tum D a q u i f e r below this upper a q u i f e r isconf ined and for most of the year is under a higher hydraul i c head;thus if these two aqui f er s were interconnected, f l o w would beupward into the unconf ined aqui f er , as stated in the GWRI.
The f o l l o w i n g common design basis is used for both Alternat ive s Cand D. The data for this basis is taken f rom the ground waterremedial investigation and the Source Control RemedialInves t igat ion.
The normal volume of ground water recovered would be approximate lytwenty gal lons per minute based on the unconf ined aqui fer pump test(Source Control H I ) . S e e A p p e n d i x B f o r support ing calculations.The ground water treatment is based on the design in f luent analysis( T a b l e 6-1).
The in f lu en t analysis has been selected based on the highestdetected level in any well for each component. It is veryconservative as it does not take credit for di lut ion from wel l swhich are out s ide the plume of waste constituents. The i n f l u e n tanalysi s upon which the pre l iminary des ign is based includes onlythose consti tuents detected in the ground water.
The recovery w e l l s or slurry wall placement would be based onint er c ep t ing a 1500 f e e t long section of the site. W e l l spacingwould need to be one every twenty f e e t based on the hydraul i cconduct ivi ty data obtained in the unconf ined a q u i f e r p u m p i n g test.

6.1.2. <7<?Ttun?n Design Element s
Ground W a t e r T r e a t m e n t U n i t
The ground water treatment unit would be common to both alterna-tives C and D. It is therefore described here and not dup l i ca t edunder the design sections for both alternatives.
The proposed process is described as f o l l o w s . Water from therecovery pumps located in the we l l s would be discharged into aholding tank designed for twelve hours retention time to equalizethe in f lu en t f l o w to the unit. The i n f l u e n t would be f i l t e r e dthrough sand and cartridge type f i l t e r s , and treated through two

vO

o
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T a b l e 6-1
Design I n f l u e n t Concentration

Cons t i tuent C o n c e n t r a t i p n mq/1
trans -1,2 d ichl oroethy 1 ene
T r i c h l o r o e t h y l e n e
T e t r a c h i o r o e t h y l e n e
Benzene

0.025
0-015
0.021
0.027

Or-
vO«tf*—o

Based on the highest level de t e c t ed in one of the w e l l sM W - 3 4 , M W - 3 7 , or H W - 3 8 during the 1 0 / 2 9 / 8 7 s a m p l i n g event
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granular activated carbon (GAC) ad sorp t i on vessels p i p e d in series.The e f f l u e n t of the primary adsorber would be monitored for break-through of any of the f our cons t i tuent s l i s t e d in T a b l e 6-1 andwould be replaced when breakthrough occurs. The secondary unitwould be moved into the primary po s i t i on and a new secondary unitwould be p l a c e d . In this manner, a p o l i s h i n g unit would always beavai lab l e to ensure that waste const i tuents are not present in thee f f l u e n t . The p o l i s h e d e f f l u e n t would f l o w by gravity to theBrazos River. S p e n t adsorber units would be s h i p p e d o f f - s i t e ford i spo sa l or regeneration. F i g u r e 6-1 d e p i c t s the proposed f l o wscheme of the treatment unit.
The de s ign basis for the treatment unit is as f o l l o w s :
Design F l o w Rate 20 gpm normal, based on 7.1 gpra

ground water discharge to riverca l cu la t ed during pumping test.
T w e l v e hours capac i ty at normalf l o w ; 10,000 g a l l o n capacity FRPtank.
Hemoves larger par t i c l e s of s i l tto decrease frequency of changesof the cartridge f i l t e r s .
Remove s i l t and par t i c l e s downto 15 microns to protect the GACunit f rom f o u l i n g with s o l i d s .
S i z e d for 11 minutes contacttime in each vessel* Removesthe const i tuents shown in T a b l e6-1 a p p r o x i m a t e l y to belowdetection l imit s . Carbtrol modelL-l or equivalent with 2 00pounds of activated carbon ina 55 g a l l o n steel drum.

I n f l u e n t H o l d i n g T a n k

Sand F i l t e r s

C a r t r i d g e F i l t e r s

GAC U n i t s

Design GAC Consumpt ion Rate

Unit Change Out Rate
0.07 l b /1000water g a l l o n treated

vo

o

A p p r o x i m a t e l y f our units oaryear *
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Recovery W e l l Des ign
The recovery well construction is al so common to both a l t e r n a t i v e sC and D. W e l l d e s ign is described here and not d u p l i c a t e d underthe d e s ign sect ions for both a l t ernat ive s .

60 f e e t average
4 H d iameter p o l y v i n y l c h l o r i d e( P V C ) casing w/screenedinterval 35-55 f e e t .
Pneumatic submersible t y p e ;S i z e d f o r one gpm each; W i t hhigh and low level control s .

W e l l Depth
W e l l Cons truc t ion

Recovery Pumps

I n s t i t u t i o n a l C o n t r o l s

ssps f i^g s S3a q u i f e r is required. As Dreviou<3iv <=*-**-«,* <-¥, snai low
sha l l ow ground water users d o w S i e n t o f tha^^^H^ ^"^

6.1.3 A l t e r a t i v e ^ - fin
D e s c r i p t i o n ;

o

A l t e r n a t i v e A, No A c t i o n in c lud e s no c a p i t a l improvements at thes i te or any maintenance or monitoring e f f o r t s .
overall C o n c e p t s :
N o n e No a d d i t i o n a l c a p i t a l improvements madeat the site.
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6.1.4 Alterna t iv e B - Natural Attenuat ion withI n s t i t u t i o n a l . C o n t r o l s and Monitoring
Descript ion:
Alternat iv e B relies on lowering contaminant concentrations throughphysical , chemical, and biological processes. T h i s al ternativealso includes monitoring to track the direction and rate ofmovement of the p lume, as well as re spons ib i l i ty for maintaininge f f e c t i v e , r e l iab le in s t i tu t ional controls to prevent use of thecontaminated ground water. S u r f a c e water monitoring, both upstreamand downstream of the s i te , would supplement ground watermonitoring to ensure that ARARs continue to be met.
Overall Concepts:
Inst i tu t i ona l Controls

Monitor ing

6.1*5

Deed restriction recorded in the countyc l e r k ' s o f f i c e t o prevent f u t u r e u s e o fa f f e c t e d ground water.
The exist ing w e l l s , p lu s any othersin s ta l l ed during the source remedy wouldbe used for monitoring. No additionalcapital improvements would be made to thesite.

Alternat iv e C - Partial Slurry W a l l with GroundWater Treatment
Description:
A slurry wall located approx imat e ly as shown on F i g u r e 6-2 willintercept the ground water f l o w and channel it to a group of wel l slocated at each end of the impermeable wal l . Ground water will beextracted with these wel l s and treated for removal of s p e c i f i corganic constituents. The treated e f f l u e n t will be discharged tothe Brazos River. When all wel l s are shut down, the treatment unitwill be decontaminated and d i smant l ed . It is estimated that thetreatment unit will be operated for 25 years, based on mode l ingprovided in A p p e n d i x A. At this rate, the ground water at theupgradient edge of the source area will reach the slurry wall inapprox imat e ly 25 years.
Overall Concepts:
Inst i tu t i ona l Controls

Slurry W a l l Length

Deed restriction recorded in the countyc l e r k ' s o f f i c e t o prevent fu ture u s e o fa f f e c t e d ground water.
1500 Feet

o
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S l u r r y W a l l Depth 60 Fee t minimum? keyed-in 3 f e e t to theaquitard below the unconf ined aqui f er( S t r a t u m C )
W e l l S p a c i n g and Number 3 we l l s located at each end and in them i d d l e of the slurry wal l .
W e l l construction and treatment unit are as described under S e c t i o n6.1.3, Common Design Elements.

6.1.6 Alternative D - Recovery W e l l s with Ground WaterTreatmentDescript ion:
T h i s alternative consists of p la c ing a line of we l l s locatedapproximate ly as shown on Figure 6-3. Ground water will beextracted with these w e l l s and treated for removal of s p e c i f i corganic consti tuents. The treated e f f l u e n t wi l l be discharged tothe Brazos River. When all w e l l s are shut down, the treatmentunit will be decontaminated and d i smant l ed . It is estimated thatthe treatment unit wil l be operated for 25 years, based on modelingprovided in A p p e n d i x A. At this rate, the ground water at theupgradient edge of the source area will reach the intercepting lineof wells .
Overall Concepts:
I n s t i t u t i o n a l Contro l s Deed restriction recorded in the countyc l e r k ' s o f f i c e t o prevent fu tur e u s e o fa f f e c t e d ground water.
W e l l spac ing and number 75 we l l s on 20* centers
W e l l construction and treatment unit are as described under Section6.1*3, Common Design Elements.
6.2 Comparative Evaluation of Alt e rna t iv e s

6.2.1 Comparative Evaluation Criteria
H a v i n g d e f i n e d the three surviving alternatives in more d e t a i l ,this section of tne GWFS sub j e c t s each alternative to a comparativeevaluation. T h i s comparative evaluation is conducted on the basisof seven fac tor s or criteria. Thes e criteria include: (1)Compliance with ARARs; {2) Reduction in mobi l i ty, toxicity orvolume; (3) Short term e f f e c t i v e n e s s ; (4) Long term e f f e c t i v e n e s sand permanence; (5) Implement ab i l i ty; (6) Cost; and (7) Overallprotection of human heal th and the environment.
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the considerations relevant to the comparative evaluation for eachof these seven criteria are outl ined below, f o l l o w e d by thede tai l ed evaluation of the relative strengths and weaknesses ofthe various alternatives on the basis of these considerations*
1* Compl iance with ARARs

In de t ermining a p p r o p r i a t e remedial actions at s u p e r f u n dsites, consideration is given to the requirements ofother Federal and state environmental laws, in addit ionto CERCLA as amended by SARA* Primary consideration isgiven to attaining app l i cab l e or relevant and appropriateF e d e r a l and S t a t e pub l i c h ea l th and environmental lawsand regulat ions and s tandards* Not all F e d e r a l and s tateenvironmental laws and regulat ions are a p p l i c a b l e to eachS u p e r f u n d response action. Sect ion 3 describes thoseARARs s p e c i f i c to the Sheridan site* Section 6.2.3evaluates the degree to which the selected alternatescomply with these ARARs.
2r Reduction in T o x i c i t y , M o b i l i t y or Volume

The degree to which alternatives employ treatment thatreduces toxic i ty, mobi l i ty or volume is assessed.Relevant factors to this consideration includes
o The treatment processes which the propos ed s o lu t i onsemploy and mater ial s they treat;
o the amount of contaminated materials that wil l bedestroyed or treated;
o the degree of expected reduction in tox ic i ty, mobi l-ity or volume;
o the degree to which the treatment is reversible;and
o the residuals that wil l remain f o l l o w i n g treatment,considering the persi s tence, t o x i c i t y , m o b i l i t y , andp r o p e n s i t y for bio-accumulation of such hazardoussubstances and their consti tuents.

3. Short-term E f f e c t i v e n e s s
The short-term e f f e c t i v e n e s s of an al ternative isassessed in c lud ing a consideration of the f o l l o w i n g :

ccr-
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o M a g n i t u d e of reduction of e x i s t ing risks; and
o short-term risks that might be posed to the com-munity , workers, or the environment during theimplementation of an alternative including potent ialthreats to human h e a l t h or the environmentassociated with excavation, t ranspor ta t i on , orredisposal or containment.

4* Long-term E f f e c t i v e n e s s , and Permanence
Each a l t e rna t iv e is assessed for the long-term e f f e c -tiveness and permanence it a f f o r d s a long with the degreeof certainty that the remedy wil l prove succe s s ful .F a c t o r s considered include:
o magnitude of residual risks in terms of amounts andconcentrations of wastes remaining f o l l o w i n gimplementation of a remedial action, consideringthe per s i s t ence , t o x i c i t y , m o b i l i t y and propen s i tyfor bio-accumulation of such hazardous substancesand their constituents;
o type and degree of long-term management required,including monitoring and operation and maintenance;
o potent ial for exposure of human and environmentalreceptors to remaining waste considering thepo t en t ia l threat to human hea l th and the environmentassociated with excavation, t ran spor ta t i on ,red i spo sa l , or containment;
o long-term r e l i a b i l i t y of the engineering andins t i tu t i onal control s , inc lud ing uncertaintiesassociated with the land d i s p o s a l of untreatedwastes and residuals; and
o p o t e n t i a l need for replacement of the remedy.

5. I m n l e m e n t a b i l i t y
The ease or d i f f i c u l t y of implementing the alternativesis assessed by considering the f o l l o w i n g f a c t o r s :
o degree of d i f f i c u l t y associated with constructingand maintaining the s o l u t i o n ;

vO
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o expected operational r e l i a b i l i t y of the treatmenttechnology;
o need to coordinate with and obtain necessaryapprovals and permits (or meet the intent of anypermit in the case of S u p e r f u n d a c t i o n s ) ;
o ava i lab i l i ty of necessary equipment and sp e c ia l i s t s ;and
o available capacity and location of needed treatment,storage and d i spo sa l services.

6. Costs
The types of costs assessed include the f o l l o w i n g :
o c a p i t a l cos t s;
o operat ion and maintenance costs;
o net present value of capital and operation andmaintenance cost; and
o potential fu ture remedial action costs.

7. Overall Protection of Human H e a l t h and the Environment
F o l l o w i n g the analysi s of the remedial op t i on s againstindividual evaluation criteria, the alternatives areassessed from the s tandpoint of whether they provideadequate protec t ion of human heal th and the environment.
SARA direct s EPA to give pr e f e r enc e to solutions thatu t i l i z e treatment to remove contaminants f rom theenvironment. O f f - s i t e transport and disposal withouttreatment is the least pr e f e r r ed opt ion where prac t i cabletreatment technologies are available.

6 * 2 - 2 Evaluation Summary
The f o l l o w i n g values were assigned to compare remedial selectioncriteria:

"+" A l t e r n a t i v e should exceed a criterion in comparison toother al t ernat ive s .
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".M Alternat ive should meet the selection criterion.
11-" Alternat ive wil l not meet a criterion, or wil l not meeta criterion as well as other alternatives.

The ra t i onal e for the ratings assigned each a l t e r n a t i v e is pre-sented in the f o l l o w i n g subsections.
6.2.3 Compl ianc e . w i th_ARARs

The No Action Alt erna t iv e is accorded a rating of "-" due to thei n a b i l i t y to monitor the ground water and determine whether ARARsare continuing to be met for the long term. The Alternat ive s B,c, and D all meet ARARs and are rated l l. 1 1.
6.2*4 R e d u c t i o n _ o f _ T Q x i c l t y . M o b i l i t y or .Volume

N a t u r a l a t t enuation has some e f f e c t on the reduction of t o x i c i t y ,m o b i l i t y or volume of waste constituents given the sitecharacteristics as stated in S e c t i o n 4-2.3. For this reason,Alt erna t iv e s A and B are ranked ".". Alternat ive s c and D includetreatment and thus reduce the t ox i c i ty of the ground water. Thesea l t e rna t iv e s are given a rat ing of "+". It should be noted thatat the d e s ign f l o w rate and compo s i t i on of the treatment schemep r o p o s e d for A l t e r n a t i v e s c and 0, less than eight pounds to tal ofthe f o u r target organics would be removed in the f i r s t year andthi s quanti ty would very l i k e l y continue to decrease with time.
6.2.5 Shor t-Term E f f e c t i v e n e s s

The No Action A l t e r n a t i v e is ranked "-" due to the i n a b i l i t y toprevent ground water use b e f o r e a t t enuat i on takes p l a c e . TheN a t u r a l A t t e n u a t i o n A l t e r n a t i v e , f or th e short-term, i s e q u a l l ye f f e c t i v e as A l t e r n a t i v e s C and D. All three a l t e r n a t i v e s w i l lresult in ground water concentrations which meet ARARs and do notpose a risk to human heal th and the environment, as stated inSec t i on 3. For this reason, Alternat ive B is ranked M , M . A l t e r -natives C and D will cause on-site workers to be exposed to somerisk since these alternatives include active, construction andoperation activities. T h e r e f o r e , Alternat ive s C and D should beranked "-».
6.2.6 Loner-Term E f f e c t i v e n e s s and Permapence

The No A c t i o n A l t e r n a t i v e is ranked "-" due to the i n a b i l i t y tomonitor whether ARARs are continuing to be met tor the long term.In the long-term, the concentrations of constituents will be
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reduced by natural processes, there fore Alternative B is accordeda ranking of ".". A l t e r n a t i v e s C and D wi l l be s l i g h t l y moree f f e c t i v e at reducing the concentrations of const i tuents in thelong-term. Both C and D are rated "•*•". It should be noted thatal ternatives c and D have the risks of extracting the ground waterso that human contact may be made b e f or e either d i l u t i o n ortreatment, and concentrating them on GAC in a f orm that must bedisposed of or regenerated.
6.2.7 I m p l e m e n t a b i l i t y

A l t e r n a t i v e A and B would be the most easi ly implemented and aret h e r e f o r e rated "+**, Between the remaining al ternatives .Alterna t iv e D is more eas i ly implemented than C. It is rated ".",since it requires construction of we l l s and a treatment p l a n t .Alternat ive C, part ial slurry wall with ground water treatment, israted "-" due to the d i f f i c u l t i e s in constructing a slurry wallconsidering the site constraints* site constraints include anarrow s tr ip of land for access, the fact that a trench of 65'd e p t h is beyond the reach of normal trenching equipment and a newworking "bench" must be constructed.
6.2.8 Cost

T a b l e 6-2 summarizes the total cost of the alternatives as devel-oped in detail in Section 6.3 and in A p p e n d i x C. Costs arepresented as cap i t a l , operating and maintenance and total cost.The No Action and Natural Attenuation with Inst i tu t ional controlsand M o n i t o r i n g al t ernat ive s are the least co s t ly alternatives andare both ranked H + N . A l t e r n a t i v e C is second in terms of cost andis rated ".". A l t e r n a t i v e 0 is the most c o s t ly al t ernat ive and ist h e r e f o r e rated "-".
6.2.9 Overall Protection of Hy«na.n H e a l t h . Environment

The No Action Alternative is ranked l f - H , due to the inabil i ty toprevert potential use of a f f e c t e d ground water and lack ofmonitoring. Alternat ive B is ranked **." since the seepage ofground water into the Brazos River under current and p r o j e c t e df u t u r e conditions wil l result in concentration level s which areprotec t ive of human heal th and the environment. I n s t i t u t i o n a lcontrols would e f f e c t i v e l y prevent use of the a f f e c t e d groundwater. Alternat ive s c and D are equivalent to Alternat ive B interms of overall protection of human health and the environmentand are therefore rated "." The reasons for this ranking arediscussed below:
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1917
t a b l e 6 - 1

p r e t e n t v a l u e C o s t sunuiy F o r A l t e r n a t i v e s

cost i t e m

E s t i m a t e d c a p i t a l C o s t

T o t a l O p e r a t i n g cost U l

P V O p e r a t i n g c o s t s [ b l

T o t a l A l t e r n a t i v e cost [ • )

P V A l t e r n a t i v e cost ( b j

A i t . a -
N a t u r a l A l t e r t u a t i o n

A l t . A • w / t n s t i t u t i o n a l C o n t r o l s
N O A c t i o n a n d M o n i t o r i n g

( J « > ( U )

0 0

0 326

0 194

0 336

O 194

A l t C -
p a r t i a l S l u r r y
wal I v/ Ground
w a t e r T r e a t m e n t

( S t t )

850

4. 106

1.744

4.956

2 . 5 9 4

A l t . 0 •
Recovery w e 1 I s

s / G r o u n d
w a t e r T r e a t m e n t

( » )
1,095

5 . 1 7 1

2.180

6.266

3 . 2 7 5

00

O

( a ) T h i s cost r e p r e s e n t s p r e s e n t v a l u e o f 3 0 y ear s annual c o i l s
a s s u m i n g t h a t t h e e f f e c t o f I n f l a t i o n c a n c e l s t h e a f t s r - l a x r a t e .

[ b ] 3 0 v e a f p r e s e n t v a l u e w t t h a n n u a l i n t e r e s t r a t e • 5 * a n d i n f l a t i o n - o %
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The s h a l l o w ground water recovery rate is r e la t ive ly low, there forewithdrawal of one pore volume w i l l require greater than 25 years.S i n c e ex tract ion of several pore volumes is f r e q u e n t l y necessaryin s i m i l a r s i t ua t i on s to achieve the remedial o b j e c t i v e s , it isa n t i c i p a t e d that treatment would continue for some m u l t i p l e of 25years. During this r e la t iv e ly long tine p er i od , the sha l l ow groundwater would not meet dr ink ing water criteria and could not be usedas such. I n s t i t u t i o n a l controls would be maintained for th i speriod to prevent p o t a b l e use of the sha l l ow aqui f er . The r ea l i tyof the s i tuat ion under any of Alt erna t iv e s B, C or D is thusi d en t i ca l , i.e., long-term institutional controls are required toprevent use of the s h a l l o w aqui f er .
Furthermore, although Alternat ive s C and D would e f f e c t a reductionin t o x i c i t y , m o b i l i t y or volume as stated in Sec t i on 6.2.4, th i sreduction is minimal. At the de s ign f l o w rate and compos i t ion ofthe proposed treatment schema, less than eight pounds total of thef o u r target organics would be removed in the f i r s t year and thi squanti ty would l i k e l y decrease with time* T h i s small reduction inwaste constitutents is obtained by concentrating the constituentson GAC which w i l l then have to be regenerated or d i spo s ed of.

6.2.10 Summary of Comparat ive Analv s i s
T a b l e 6-3 presents a summary of the ranking of a l t ernat ive spresented in this section. In terms of compliance with A R A R s , alla l t ernat ive s except No Action s a t i s f y both the regulatory and therisk-based ob j e c t iv e s . The Natura l Attenuat ion with I n s t i t u t i o n a lContro l s and Moni tor ing al t ernat ive is f u l l y protective of humanheal th and the environment. The other a l t ernat ive s , C and D, makea s l i gh t reduction of t o x i c i t y of the a f f e c t e d ground water, butthe reduction is very s m a l l , and the decrease in sur face waterconcentrations would not be d e t e c t i b l e , as previous ly s ta t ed.Furthermore , these al ternatives have the di sadvantage ofconcentrating waste const i tuents on GAC, which must b*: d i spo s ed ofor regenerated.
Fcr the cost criterion, the ranking varied among the a l t ernat ive swith cost generally increasing from Alternatives A through D(ranging f r o m $194,000 for Natural Attenuat ion with I n s t i t u t i o n a lControl s and Moni tor ing to $3 ,275 ,000 for recovery w e l l s on apresent value basi s). The more costly alternatives (Alternat ive sC and D), are g enera l ly are more d i f f i c u l t to implement and theymay pose more short-term risks to on-site workers* F u r t h e r ,Alternativ«s C and D will not appreciably decrease the timenecessary to achieve remedial ob j e c t ive s .
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L 5 6 5 T a b l e 6 - 3
S u m m a r y R a n k i n o o f A l t e r n a t i v e s

A l t e r n a t i v e
C o m p l ianceW i t hA R A R s

T o x f c i t yM O O i i f t yor volumeR e d u c t i o n
S h o r t -T e r mE f f e c -t i v e n e s s

L o n g - t e r mE f f e c -t f v e n e s s .P e r m a n e n c e i m p l e m e n ta b i l i t y C o s t
Overa I IP r o t e c t i o n o fH u m a n H e a l E h .E n v i ronmem

o>i••*CO

A - No A c t i o n
B - N a t u r a l A t t e n u a t i o nw l t h Moni t o r i n g
C - P a r t i a l S l u r r yw a l I w / G r o u n dw a t e r T r e a t m e n t
D - Recovery W e l I sw / C r o u n d W a t e rT r e a t m e n t

N O T E S :
A l t e r n a t i v e exceeds a c r i t e r i o n i n c o m p a r i s o n t o o t h e r a l t e r n a t i v e sA l t e r n a t i v e m e e t s t h e s e l e c t i o n c r i t e r i o n .A l t e r n a t i v e w i l l n o t meet a c r i t e r i o n , o r w i l l n o t meet a c r i t e r i o na s w e l l a s o t h e r a l t e r n a t i v e s .
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6.3 Cos.t
6.3.1 T o t a l _ C Q S t

A cost was s y s t e m a t i c a l l y es t imated for each a l t ernat ive f r o m af o u n d a t i o n of common unit costs. Est imated costs were deve l opeds equent ia l ly as f o l l o w s :
1. Unit Costs - unit costs for remediation activities common inthe region.
2. Options Cos t s - costs for treatment and containment o p t i o n sto be incorporated into assembled alternatives* Based onconcept de s igns in Sec t i on 6*1.
3. Alt erna t iv e s Costs - estimated total cost for each alterna-tive. Based on concept des igns in S e c t i o n 6.1* Contains unitcosts, derived unit costs and options costs* Include scontingencies , opera t ing and post-closure monitoring costs.
T a b l e s 6-4 through 6-6 summarize the estimated total cost foral t ernat ive s B, c, and 0.
A p p e n d i x C contains back-up i n f o r m a t i o n and ca l cu la t i on s used inthe development of the estimated total cost for each alternative.T h i s a p p e n d i x includes a summary table of derived unit costs andassumed unit costs based on experience. Spec ia l concerns aboutpresent worth analys i s of costs are discussed in the f o l l o w i n gparagraphs.
For this F e a s i b i l i t y S t u d y th e f o l l o w i n g present worth a s sumpt ionswere used:

o tern -25 years
o interest rate - o
o i n f l a t i o n *» a f t e r - t a x interest rate

The 25 year term has been es t imated as the travel time for groundwater at the southern most edge of the site to reach the recoverysystem. H i s t o r i c a l l y in this country i n f l a t i o n is a p p r o x i m a t e l yequal to interest paid on c e r t i f i ca t e s of deposit a f t e r corporatetaxes are deduc t ed . A PRP group which f u n d s the remediation andlong-term maintenance of a Super fund site t y p i c a l l y creates a sink-ing fund or trust fund at the beg inning or end of site remediation.T h i s s inking f u n d is t y p i c a l l y invested in insured securities, and
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919 T a b l e 6 - 4E s t i m a t e d T o t a l Cos tA l t e r n a t i v e 8 - N a t u r a l A t t e n u a t i o nW i t h i n s t i t u t i o n a l C o n t r o l s a n d M o n i t o r i n g
T h e e s t i m a t e d t o t a l cost I s t h e s u m o f c a p i t a l c o s t , t h e cost o f 3 0 y e a r s o f annua lmaintenance and seven m o n i t o r i n g event s [1, 3. 6, 10. 15. 20 and 30 years a f t e rc l o s u r e ] . A l l c o s t s a r e 1989 c o s t s . " T o t a l " c o s t s assume p r e s e n t v a l u e w i t hi n t e r e s t r a t e cancel I ! n o t h e e f f e c t o f I n f l a t i o n . " P r e s e n t v a l u e " c o s t s assumethe I n t e r e s t r a t e - 5% and Inflation - 0%.

C a p t i a J C o s t
3 0 Y e a r M o n f t o r i n g
i n s p e c t i o n / W e l l ' M a i n t e n a n c e

S u b t o t a l
C o n t i n g e n c y
T o t a l 3 0 Y e a r O p e r a t i n g c o s t s
P r e s e n t V a l u e - 3 0 Y e a r O p e r a t i n g C o s t s
T o t a l E s t i m a t e d A l t e r n a t i v e Cost
P r e s e n t V a l u e E s t i m a t e d A l t e r n a t i v e cost

Q u a n t i t y u n i t s
-
7 E v e n t s

30 E v e n t s

» s t s

C o s t

U n i tCos t Cos t
0

$33,000 S 2 3 1 . 0 0 0
1,000 30,000

$261,000
X 1 .25

5326,000
194.000
326,000
194.000

N o t e s
A s s u m e w e l l s i n s t a l l e dd u r i n g S o u r c e R e m e d i a t i o n
T a b l e c - i

A t I o w a n e e

(Rounded }
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1 9 2 0 T a b l e 6 - 5E s t i m a t e d T o t a l cost
A l t e r n a t i v e C - P a r t i a l S l u r r y W a l l w / G r o u n d W a t e r T r e a t m e n t

T h e e s t i m a t e d t o t a l cost I s t h e s u m o f c a p i t a l c o s t s , t h e cost o f 2 5 y ear s o f annualmaint enance and seven m o n i t o r i n g ev en t s [1, 3 , 6 , 10, 15, 20 and 25 years a f t e rc l o s u r e ) . A i l c o s t s a r e 1989 c o s t s . " T o t a l " c o s t s assume p r e s e n t v a l u ew i t h i n t e r e s t r a t e cancel l i n o t h e e f f e c t o f I n f l a t i o n . " P r e s e n t v a l u e " c o s t s assumethe I n t e r e s t r a t e • 5% and i n f l a t i o n « 0%.

c a p i t a l cost(Rounded t o 1000' s)
M a & m z a t t a n / O e a o b l i l l a t i o n
S l u r r y W a l l C o n s t r u c t i o n( 1 5 0 0 ' l e n g t h X 6 5 ' D e p t h )
w e l l i n s t a l l a t i o n
T r e a t m e n t U n l t

w e l l P u t i p s I n s t a l l a t i o n
o> s u b t o t a l
10" * c o n t r a c t o r O v e r h e a d , P r o f i t , B o n d ,E n g i n e e r i n g & C o n s t r u c t i o n S u r v e l 1C o n t i n g e n c y

E s t i m a t e d C a p i t a l C o s t
2 5 Y e a r O p e r a t i n g C o s tGround wa t e r M o n i t o r i n g ( 2 5 y r sT r e a t m e n t U n i t O p e r a t i o nW e l l P u m p s M a i n t e n a n c e

W e l l Pumps O p e r a t i o n
S u b t o t a lC o n t i n g e n c y
T o t a l O p e r a t i n g C o s t sP r e s e n t V a l u e O p e r a t i n g C o s t sT o t a l E s t i m a t e d A l t e r n a t i v e C o s t sP r e s e n t V a l u e E s t i m a t e d A l t e r n a t

Q u a n t i t y U n i t s

1 L . S .
97,500 S q . F t .

3 Each
1 L . S .
1 L . S .

l a n c e

) 25 V e a r s25 Y e a r s
2,450,000 K W h

I v e C o s t

U n i tCos t C o s t

$40,000 $ 40,000
2 .50 244,000

4,000 12,000
158,000 158,000
39,000 39,000

493,000
X 1. 15X 1.20X 1.25
850,000
157,000$91,000 2,275,0001950 49,000

0.08 156,000

2 ,677 ,000X 1 . 2 5
3 , 3 4 6 , 0 0 01 ,578 ,0004, 196.0002 , 4 2 8 , 0 0 0

N o t e s

A l lowance
unf t C o s t quoted byC h r i s McGee o f Ceocon
T a b l e c -2
T a b l e C - 3
T a b l e C - 4

( R o u n d e d )

T a b l e C - 55 % o f C a p i t a l C o s tAnnua 1 1 yC o s t o f r u n n i n g 15 hp a i rc o m p r e s s o r c o n t i n u o u s l y f o r 2 5 y e a r s

( R o u n d e d )
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A l t e r n a t i v e D -

T a b l e 6 - 6e s t i m a t e d T o t a l C o s tRecovery W e l l s w i t h G r o u n d W a t e r T r e a t m e n t

1010

The e s t i m a t e d t o t a l cost i s the sum of c a p i t a l c o s t , the cost of 25 years of annuale n a i n t e a a n c e and seven m o n i t o r i n g e v e n t s [1, 3 . 6 , 10 , i s , 20 and 25 y ear s a f t e rc l o s u r e ] . A M cos t s a r e 1989 c o s t s . " T o t a l " c o s t s assume p r e s e n t v a l u ew i t h t h e i n t e r e s t r a t e c a n c e l l i n g t h e e f f e c t o f I n f l a t i o n . " P r e s e n t va lu e" c o s t sassume the i n t e r e s t r a t e • 5% and Inflation * ov
Quant i ty

C a p i t a l Cos t(Rounded t o l O O Q ' s )
M o b l I I z a t t on/Demob 1 1 I z a t i o n 1
i n s t a l l W e l l s 7 5

wel I Pumps i n s t a i led 1
T r e a t m e n t unl t 1
S u b t o t a l
C o n t r a c t o r O v e r h e a d . P r o f i t . BondsE n g i n e e r i n g a n d C o n s t r u c t i o nS u r v e i l l a n c e C o n t i n g e n c y
E s t i m a t e d C a p i t a l cost
O p e r a t i n g Cost
Ground w a t e r M o n i t o r i n gT r e a t m e n t U n i t O p e r a t i o n 2 5W e l l Pumps M a i n t e n a n c e 2 5
W e l l Pumps O p e r a t i o n 9,800.000

S u b t o t a lC o n t i n g e n c y
T o t a l O p e r a t i n g C o s t sP r e s e n t V a l u e O p e r a t i n g C o s t sT o t a l E s t i m a t e d A t t e r n a t t v e C o s tP r e s e n t V a l u e E s t i m a t e d A l t e r n a t i v e C o s t

Uni tUnl cs cost Cos t

U . S . $40,000 S 40.000
Each 4,000 300,000
L . S . 137.000 137.000
L . S . 158,000 158,000

$ 035.000
X t . 1 5X 1.20X 1.25

$1.095,000

S 157,000Yea r s $ 9 1 , 000 2 . 275 , 000Y e a r s 6 ,850 171,000
KWh 0.08 784,000

3,387.000X 1.25
4,234,0001 , 9 7 8 , 0005 ,329 .0003,073.000

N o t e s

A l I o w a n e e
T a b l e c-2
T a b l e C - 6
T a b l e c -3

( R o u n d e d )

T a b l e C - S5* of C a p i t a l CostArtnua 1 1 yCost of power for 60 ripa i r compre s sor r u n n i n gc o n t i n u o u s l y f o r 25 years

(Rounded)
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is ca l cu la t ed to be s u f f i c i e n t to pay for the annual O&M costs fora designated period of time. Sinc e a PRP group can not have non-p r o f i t s tatus under the current tax law, it must pay taxes on theinterest earned.
S i n c e i n f l a t i o n is a very real economic phenomenon, a PRP groupmust set aside fund s to provide for future increases in annual O&Mcosts* H i s t o r i c a l l y , interest on invested securit ies is t y p i c a l l ygreater than i n f l a t i o n by one-third to one-hal f . Current corporatetax rates are 34% with a current surcharge of 5%. Thes e taxes areeither paid by each member company or by the PRP group d i r e c t ly .A f t e r taxes are deducted f rom interest earned, the net interestearned on the invested f u n d s a p p r o x i m a t e l y o f f s e t s the increasedannual costs due to i n f l a t i o n * on this basis, i - 0 in the presentworth f o r m u l a . F o l l o w i n g these as sumptions , the 25-year presentworth of an O & H cost of $ I / y e a r is $25,
A l t e r n a t e l y , if one were to use the Federal g o v e r n m e n t ' s guidel inesfor c a l c u l a t i n g present value for 25 years using 5% interest and0% i n f l a t i o n , the present worth of a $ I / y e a r expenditure for 25years is $14.09* As this i l l u s t r a t e s , n eg l e c t ing i n f l a t i o n w i l lcause annual O & M costs t o b e unders tated, po s s i b ly r e su l t ing i nthe select ion of a remedial p l a n that has lower capital or f i r s tyear costs and higher annual or reoccurring o 4 H costs.
For c l a r i t y , the cost ca l cu la t ions and summaries are presented bothways.

6.3 .2 S e n s i t i v i t y A n a l y s i s
C a p i t a l Coat S e n s i t i v i t y A n a l y s i s
The cost estimates presented in the FS are to represent +50%/-33%accuracy, so these are the sensitivity l imi t s chosen. T a b l e 6-7shows that the relative cost rankings are not altered by thechanges in capital costs. There is very l i t t l e sensitivity into tal cost to changes in cap i ta l cost.
O & H Cost S e n s i t i v i t y A n a l y s i s
The costs were varied within the same +50%/~33% estimate accuracyrange as the capital costs. A g a i n , the relative cost rankings arenot changed by changing the O&M costs. T a b l e 6-8 r e f l e c t s moreto tal cost s ens i t ivi ty to O&M cost var iab i l i ty than to cap i ta l costsince O&K represents a* larger frac t ion of the overall cost.However, the d i f f e r e n c e s in cost between alternatives are nots i g n i f i c a n t .
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1 9 2 2 T a b l e 6-7
C a p i t a * C o s t S e n s ! t i v i t y A n a l y s i s

T a b J e 6 - 2C o s t Chance[ a ]
A l t , B -N a t u r a lA t t e n u a t i o n( $ M )

A f t . C -P a r t i a l S l u r r yw a 1 1 w / C r o u n dW a t e r T r e a t m e n t( S M )

A l t . D -Recovery we Msw / G r o u n d W a t e rT r e a t m e n t( S M )

O)i10

T o t a l [ b ]
50%28%0%-20%-33%

326
3263*6326326326

4. 196
4.6274,4344, 1964.0263 . 9 1 6

5 , 3 2 9
5.8765 , 6 3 55,3295 . 1 1 04,967

[ a ] T h e T a b l e 6 - 2 T o t a l A l t e r n a t i v e Cos t w i t h t h e i n d i c a t e d percent chanoec h a n g e i n c a p i t a l c o s t s .
[ b ] A f t e r t a x I * i n f l a t i o n .
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1 9 2 3 T a b l e 6 - 8
0 & M C o s t S e n s i t i v i t y A n a l y s i s

T a b l e 6 - 2C o s t changeU l
A l t . 8 -N a t u r a lA t t e n u a t i o n( $ M )

A M . C -P a r t i a l S l u r r yW a l l w / C r o u n dW a t e r T r e a t m e n t( $ M )

A l t . D -Recovery W e U sw/cround W a t e rT r e a t m e n t( $ M )

en

T o t a l E b ]
50%28%0%-20%-33%

326
469418326261218

4 , 1 9 6
5,8705 , 1 3 34 , 1 9 63 , 5 2 73 , 0 9 2

5 , 3 2 9
7,4466,5145 , 3 2 94.4823 , 9 3 2

[ a ] T h e T a b l e 6 - 2I n O p e r a t i n g T o t a l A l t e r n a t i v e C o s t& M a i n t e n a n c e co s t s w i t h i n d i c a t e d p e r c e n t change
( b ) A f t e r t a x ( * I n f l a t i o n
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Discount Rate . .Sensi t iv i ty A n a l y s i s
The discount rate u t i l i z e d for the present worth ca l cu la t i on s wasvaried in a range from 3% to 10%. T a b l e 6-9 r e f l e c t s the f a c t thatthe to tal cost is not sensitive to this range of discount rates.
V o l u m e o f W a t e r T r e a t e d S e a t l t M t v A n a l v a l i
The s en s i t iv i ty of cost to changes in the volume of treated wateris presented in Tabl* 6-10. Costs are presented for variations inboth the f l o w rate and the time that the treatment unit would beopera t ed . The c a p i t a l cost of the treatment unit is scaled f r o mthe original or base case cost estimated ( T a b l e C - 3 ) by using thel ' s i x - t e n t h s M - f a c t o r rule, i.e.

Cost ACost B ( Capac i ty A \\ C a p a c i t y B /
(Reference: Peters and Timmerhaus, Plant Design and Economics forChemical Engineers, p . 1 0 7 . ) The O&H costs were s p l i t intocategories of f i x e d and variable costs and recalculated for eachcase. The detai led calculation of these costs is presented inA p p e n d i x C, As T a b l e 6-10 shows, the cost of al ternative B doesnot change while the cost for A l t e r n a t i v e C and D varys i g n i f i c a n t l y with volume. However, the magnitude of change iscomparable for both C and D, t h e r e f o r e variations in the volume ofwater treated would not change the relative rankings on the basisof cost.

O
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O
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1924 T a b l e 6 - 9
P r e s e n t W o r t h D i s c o u n t R a t e S e n s i t i v i t y A n a l y s i s

D i s c o u n tR a t e [ a ]

as
(O

T o t a l [ b ]
3%4%5%6%7%8%9%10%

A l t . B -N a t u r a lA t l e n u a t i o n( $ M )

194
2 3 22121941791661 5 5145137

A l t . C -P a r t i a l S l u r r yW a l I w / C r o u n dW a t e r T r e a t m e n t( $ M J
2.428
2 , 7 6 25824282961820831,9971 , 9 2 2

A l t . 0 -Recovery w e l t sw / C r o u n d W a t e rT r e a t m e n tf $ M )
3.073

5022703,0732,9042.7582 , 6 3 12 , 5 2 12 , 4 2 5

f a j T h e i n d i c a t e d d i s c o u n t r a t e I s used t o c a l c u l a t e P r e s e n t V a l u eE s t i m a t e d A l t e r n a t i v e C o s t f o r each a l t e r n a t i v e f r o m T a b l e 6-2.
[ b j P r e s e n t V a l u e a s s u m i n g i * = 5 % a s g i v e n i n T a b l e 6-2.
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L 5 5 6 T a b l e 6-10V o l u m e 1 o f W a t e r T r e a t e dS e n s i t i v f t y A n a l y s t s

B a s i so fC a s e

T o t a lv o l u m e o f
w a t e r T r e a t e d

( M M C a t I o n s J

A t t e r n a t i v e B
Na t u r a I
A t t e n u a t i o n

( S M J

A l t e r n a t i v e CP a r t i a l S l u r r y W a l
w / C r o u n d W a t e rT r e a t m e n t

( S M J

A ! t e r n a t I v e DR e c o v e r y W e M sw / G r o u n d W a t e r
T r e a t m e n t

( $ M )

10CD

10 gpm for25 y e a r s
10 opm for75 y e a r s
2 0 Q p m f o r25 y e a r s
20 gpm for

75 y e a r s

isa

473

3 1 5

946

5326

326

326

326

$ 3 , 3 7 4

6.606

4. 197

10,892

5 4 . 1 3 9

10.411

5 , 3 3 0

11,799

0 1 4 6 9 5
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E N G I N E E R I N G GROUP I N C .
E N V I R O N M E N T A L S Y S T E M S D I V I S I O N
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126OO WEST OOLFAX AVENUE SUITE A3OO. LAKEWOOO. COLORADO 802)5
TELEPHONE (3O3) 232-7O93

Ms. Ruth I z r a e l i , 6HETU . S . E P A , Region V I1445 Ross Aveue at F o u n t a i n PlaceD a l l a s , T e x a s 75202-2733
S u b j e c t : S h e r i d a n Dispo sa l ServiceGroundwater Migra t i on Management FSS u p p l e m e n t a l Analy s e s o fExtract ion W e l l F i e l d andS l u r r y W a l l E f f i c i e n c y

Dear Ruth:
As requested, we have p e r f o r m e d s u p p l e m e n t a l ana ly s e s , us ingthe RESSQ mode l , o f the e f f i c i e n c y o f propos ed w e l l - f i e l dand slurry wall a l ignments in c on t ro l l ing the capture andrate of recovery of groundwater contaminants from theshal low aqui f er beneath the Sheridan d i spo sa l impoundment.
A t t a c h m e n t 1 describes the m o d e l , the assumptions used, andt h e r e su l t s o f t h i s br i e f m o d e l i n g e f f o r t . In general , t h econclus ions show that a l ine of s u f f i c i e n t l y c l o s e l y - s p a c e dgroundwater w e l l s on the downgradient s ide of theimpoundment could be e f f e c t i v e in cap tur ing c on taminant smigrat ing with the local groundwater f l o w . The use ofproduct ion we l l s would also accelerate s l i g h t l y the rate ofgroundwater migration beneath the impoundment. However, forthe w e l l - f i e l d alignment considered, the changes ingroundwater f l o w rates induced by product ion we l l s would becomparab l e to natural variations in f l o w rates observed inrecent years at the site. To thi s e x t en t , then, it can beconcluded that the use of groundwater produc t i on w e l l s wouldnot s u b s t a n t i a l l y accelerate the rate of reo- ery ofcontaminated groundwater.
An a t t empt was also made to consider the e f f e c t s of apart ial slurry wall with extraction wel l s . Since the RESSQmodel is analyt i cal rather than numerical, it can notd i r e c t l y incorporate an imbedded zero-permeabi l i ty zone.However , the s lurry wall was treated as a n o - f l o w boundaryusing the method of images to assess the re lat ivee f f e c t i v e n a s s of the slurry wall with extract ion we l l sversus the l ine of extraction w e l l s (Attachment 1). Theresults suggest that the two options would be comparable intheir e f f a c t s .

\o•=*
<—o

A-2



IIIIII

L - G 7 0 5 R I

iiiiiiiiiiii

Ruth I s r a e l iJ u l y 5 , 1989

For your i n f o r m a t i o n , I have inc luded an extract f r o m thep u b l i c a t i o n by J a v a n d e l et al. ( G r o u n d w a t e r T r a n s p o r t :H a n d b o o k o f M a t h e m a t i c a l M o d e l s , American G e o p h y s i c a l UnionW a t e r Resources M o n o g r a p h 10, 1 9 8 4 ) which describe s da tainput to the RESSQ m o d e l , as well as c o p i e s on d i s k e t t e ofthe R E S S Q s o f t w a r e d i s t r i bu t ed by the I n t e r n a t i o n a l GroundWater M o d e l i n g Center .
W i t h regard to s o rp t i on c o e f f i c i e n t s o f benzene and T C E , acommon approach is to u t i l i z e p u b l i s h e d r e l a t i o n s h i p sbetween the organic carbon content of a q u i f e r m a t e r i a l s andthe organic carbon or oc tanol-water p a r t i t i o n c o e f f i c i e n t sfor the c on taminant s , as d i s cu s s ed in A t t a c h m e n t 2. Fors i te d a t a , e s t imated r e tardat ion c o e f f i c i e n t s f o r benzenemay be in the range of 1 to 26, and for TCE in the range of1 to 37.
I trust that th i s i n f o r m a t i o n w i l l be of use to you inf i n a l i z i n g t h e S h e r i d a n Ground W a t e r M i g r a t i o n ManagementF S . I f y o u have a n y ques t ions , p l e a s e c a l l m e .

Y o u r s t r u l y .J A C O B S E H G I N E E R I N G GROUP I N C .

CO

O

D o n a l d W . Beaver, P h . DS e n i o r G e o h y d r o l o g i s t

A t t a c h m e n t s
cc: Al M e d i n eLinda Chapman
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A t t a c h m e n t 1R E S S Q M o d e l F o r m u l a t i o n a n d Resu l t s

I n t r o d u c t i o n
The RESSQ model is a s e ra i-analy t i ca l j n o d e l of two-dimens ional contaminant t ran spor t by advec t ion anda d s o r p t i o n in a homogeneous, i s o t r o p i c a q u i f e r of u n i f o r m
^n*?5;,™* 1 S b a S S d ° " t h e as^»Ption that u n i f o r m™?S i f ??' S 2 f r ? ! S ! and S i n k s create a s t eady- s ta t e (ornearly s o ) f l o w f i e l d i n t h e a q u i f e r . R E S S Q ca l cu la t e ss t r eaml ine p a t t e r n s , l o c a t i o n s o f contaminant f r o n t s a t
w i t h ° t i m « ^S4^v va"ations o f contaminant concentrationswith t ime at sinks. Only some of the c a p a b i l i t i e s of RESSQhave been employed in the present e f f o r t ! S p e c i f i c a l l y ? themodel has only been used to c a l c u l a t e s t r eaml ine s and
not been^l^^ """"i C o n c e n t ™ t i ° n d i s t r i b u t i o n s haveconsidered? ' n ° r t h S e f f e c t s o f s orp t i on been
The version of RESSQ used here was ob ta ined f r o m the
J H E £ S J £ G?D U n d ? a t e r M ° d e l i n g Center ( I G W M C ) o f t h eH o l c o m b Research I n s t i t u t e a t Butler U n i v e r s i t y . The, di s t"b«ted by IGWHC is based on the model

X J a r n d e l < D m 9 h t V . and T s a n g ( G r o u n d w a t e rH a n d b o o k o f M a t h e m a t i c a l M o d e l s , AmericanG e o p h y s i c a l Union W a t e r Resources M o n o g r a p h 10, 1 9 8 4 ) . Thes o f t w a r e package d i s t r i bu t ed b y I G W M C inc lude s R E S S Q P L T , a«*

vO

O

M o d e l
In a d d i t i o n t o various control p a r a m e t e r s , input t o RESSQi n c l u d e s t h e f o l l o w i n g :

N u m b e r s o f i n j e c t i o n and p r o d u c t i o n w e l l sAmbien t contaminant concentrat ion in a q u i f e rContaminant concentration at i n j e c t i o n w e l l sA q u i f e r th icknes s and p o r o s i t yRate and d ir e c t i on of regional average porev e l o c i t y
Retardat ion c o e f f i c i e n tLocations and rates of i n j e c t i o n and extract ionw e l l s

ooooo
oo
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I n p u t can be in the cgs system of uni t s , or in a "prac t i ca l"system of metric uni t s , in which d i s tance is given insaeters, regional f l o w v e l o c i ty in meters per year, and wellf l o w rates in cubic meters per hour. For fur ther discussionof model i n p u t , see Javande l et al. (OP. cit.1•

Line o f I n j e c t i o n W e l l s
I n p u t . Data. I n p u t da ta f or th e RESSQ s imulat ions werederived f r o m various sections of the Ground W a t e r M i g r a t i o nManagement F S . Subsequent re ferences t o page , t a b l e , f i g u r eand a p p e n d i x numbers are to that document. I n p u t dataincluded geometry of the assumed contaminant source area,average regional pore v e l o c i t y , l e n g t h of the l ine ofp r o d u c t i o n w e l l s , and to ta l p r o d u c t i o n f r o m th e w e l l s . Thef o l l o w i n g da ta were used:

o A q u i f e r thickness (b) = 7.3 m ( T a b l e 3-3)
o P o r o s i t y (n) - 0.3 ( p a g e 2 - 9 )
0 Plume width (W) = 284.7 ra or 934 ft ( T a b l e 3 - 3 )
o Plume area ( A ) = 1 ,674 ,444 f t 2 ( P a g e 2 - 9 )
o H y d r a u l i c c onduc t iv i ty ( K ) - 6.83 m / d y ( T a b l e 3 - 3 )
0 Gradient (i) = 0.0023 ( T a b l e 3 - 3 )

The average regional pore v e l o c i t y (v) was c a l c u l a t e d as
v = K i / n = 19 m/yr

The l ine o f downgrad i en t w e l l s was d i s t r i b u t e d a l ong ad i s t a n c e of 290 meters, s l i g h t l y greater than t t r epor t edp l u m e wid th of 284.7 meters. The p r o d u c t i o n rate per wellwas estimated based on the downgradient line of 50 w e l l s( F i g u r e 6-3, neg l e c t ing the line of 25 we l l s to thenorthwest of the i m p o u n d m e n t ) , each p r o d u c i n g at a rate of0.24 gpm ( A p p e n d i x B), f or a t o ta l p r o d u c t i o n o f 12 gpm.S i n c e the R E S S Q s o f t w a r e permit s a maximum of on ly t h i r t yproduc t ion w e l l s to be s imulated without e d i t i n g andre compi l ing , it was assumed that 30 production w e l l s wered i s t r i b u t e d a l o n g the downgradient edge of the i m p o u n d m e n t ,each p r o d u c i n g 0.4 gpm ( 0 , 0 9 0 9 m 3 / h r ) and spaced 10 m a p a r t .T h i s approach preserves the total produc t i on and totall eng th of the line of extraction w e l l s , a l though the w e l l sare spaced s l i g h t l y f a r t h e r apart and assumed to produce ata s l i g h t l y h igher rate than as ind i ca t ed in A p p e n d i x B.
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The average p l u m e l e n g t h was c a l c u l a t e d as
I* = A/W = 1 , 6 7 4 , 4 4 4 f t 2 / 9 3 4 f t

= 1793 ft = 546 m
C o n s e q u e n t l y , a l in e of zero-rate " i n j e c t i o n wel l s" wasplaced 550 m upgradient f rom t.ie line of extraction we l l s .Thre e of these p o i n t s ware p l a c e d near the c enter l ine of thecontaminant p l u m e , and two were p l a c e d near the lateralmargins o f the p l u m e . T h e s e zero-rate i n j e c t i o n w e l l spermit the trac ing of s t r eaml ine s f r o m them to theproduc t i on w e l l s .
For baseline comparison purpo s e s , the t*~e of travel for ad i s tance of 550 m at a rate of 19 m/yr ^s 28.95 years, whichwas genera l ly rounded to 30 years in the FS as thea p p r o x i m a t e time for one pore volume of contaminants to pa s sf r o m beneath the impoundment.
M o d e l O u t p u t . L i s t i n g s of the input , output , and graphicals t r eaml ine output for the case of regional f l o w only and thel ine of p roduc t i on w e l l s are given in A t t a c h m e n t s 1A and IB,r e s p e c t i v e l y . For the l ine o f p r o d u c t i o n w e l l s , the timerequired for cap ture o f ind iv idua l s t r eaml ine s ranges f r o m21.5 to 22.4 years, about seven years f a s t e r than the timeo f travel under natural f l o w c o n d i t i o n s only. ( N o t e that t ot ranspor t three pore volumes, as may be required forc o m p l e t e contaminant removal, the l ine o f w e l l s wouldrequire about 66 years, versus about 87 years under naturalf l o w a l o n e . ) It should also be noted that the modell i m i t a t i o n to 30 we l l s rather than 50, each producing at 0,4gpm rather than 0.24 gpm, w i l l acce l erate the f l o w a l ongeach s t r e a m l i n e at the end of the f l o w p a t h , near eachex t ra c t i on w e l l . T h u s the ca l cu la t ed travel time of about22 years is les s than would be observed if more, lower-p r o d u c t i o n rate ex trac t ion w e l l s were s i m u l a t e d .C o n s e q u e n t l y , the actual d i f f e r e n c e in travel t imes betweennatural condit ions and under the i n f l u e n c e of a line ofp r o d u c t i o n w e l l s would be le s s than seven years.
N o t e f u r t h e r that the model i n d i c a t e s that at l eas t ones t r eaml ine would not be captured by the s imulated line ofe x t r a c t i o n w e l l s . T h i s s u p p o r t s t h e conc lu s ion o f A p p e n d i xB that more c l o s e ly- spa c ed w e l l s p r o d u c i n g at lower rateswould bs required to e f f e c t c o m p l e t e recovery ofcontaminat ed groundwat er f r o m beneath the impoundment .
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Part ia l S l u r r y W a l l W i t h Ex t ra c t i on W e l l s
The part ial slurry wall consists of a no- f l ow boundary off i n i t e l e n g t h , oriented normal to the d irec t ion of regionalf l o w . Such a boundary can be r e a d i l y s imulated by means ofa numerical f i n i t e - d i f f e r e n c e or f in i t e - e l e ra e . i t mode l , butnot by an analytical model such as R E S S Q . R E S S Q canincorporate n o - f l o w boundaries by means of image w e l l s inthe absence of u n i f o r m regional f l o w , and this approach hasbeen a p p l i e d here to obtain an ind i ca t i on of the p o s s i b l ee f f e c t i v e n e s s of a slurry wall with extraction we l l s . T h i sind i ca t i on is obtained by comparing the r e su l t s of the l in eof extraction w e l l s (in the absence o f regional f l o w ) withthe re su l t s of three ex trac t ion w e l l s and image w e l l slocated across the slurry wall alignment (in the absence ofregional f l o w ) .
T n n u t Data. I n p u t d a t a f or the l ine o f ex trac t ion w e l l s arethe same as previous ly di scus sed, except that the regionalpore v e l o c i t y is reduced to zero.
For the slurry wal l with three extraction w e l l s , the slurrywall is not d i r e c t l y s imulated. Rather, three extractionw e l l s are assumed to be l o ca t ed at the ends and in thecenter of the s lurry wal l al ignment (which is taken equal tothe a l ignment of the l ine of ex tract ion w e l l s consideredp r e v i o u s l y ) . T o t a l produc t i on f r o m the three ex tract ionw e l l s is taken equal to the natural groundwater f l o w rate.Each of the ex trac t ion w e l l s has an image w e l l , p r o d u c i n g atan equivalent rate, located across the assumed slurry wal la l i g n m e n t . T h u s the s lurry wall wi l l be represented as an o - f l o w boundary by s tandard image-well theory.
The groundwater f l o w rate Q is given by

Q = KiA,
where A is the a q u i f e r area normal to the groundwater f l o wd i r e c t i on . For thi s s i m u l a t i o n , A is given by the produc tof the a q u i f e r th i ckne s s b and the w i d t h L of thecontaminant p lume . T h u s Q is 1.39 m 3 / h r , or 0.463 m 3 / h r foreach of the three w e l l s (and each of the three image w e l l s ) .
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Model Qutpu t . L i s t i n g s of the i n p u t , o u t p u t , and graphicals treamline output far the case of the l ine of extractionwel l s and the part ial slurry wall with extraction wel l s aregiven in A t t a c l ments 1C and ID, r e sp e c t i v e ly . For the l ineof extraction w e l l s ( w i t h no regional groundwater f l o w ) , thetravel time f r o m the upgrad i en t edge of the contaminantp lume ranges f r o m 97.7 to 102*0 years, with an average of1OO.O years for the f i v e s t r eaml ine s considered. For thepar t ia l s lurry wall with extraction w e l l s , the travel timesfor the f i v e s treamlines range f r o m 101.9 to 107.2 years,with an average of 104.1 years. T h e s e r e su l t s suggest thatthe l ine of extract ion w e l l s and p a r t i a l slurry wall withextract ion w e l l s would have s imi lar e f f e c t i v e n e s s inc o n t r o l l i n g contaminant migra t i on , with the l ine ofex tract ion w e l l s be ing s l i g h t l y more e f f e c t i v e .
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Attachment 2S o r p t i o n of Benzene and T r i c h l o r o e t h y l e n e

The e f f e c t i v e s o rp t i on of contaminants wi th in an a q u i f e r canbe represented in a number of ways. The s imple s t approach ,and one which is commonly used in mathematical m o d e l i n g ofcontaminant t r a n s p o r t , is to d e v e l o p a re tardat ionc o e f f i c i e n t which expresses the rate of transport of as p e c i f i c contaminant as a p r o p o r t i o n of the pore ve lo c i ty ofgroundwater f l o w . The retardation c o e f f i c i e n t (reciprocalof the re lat ive v e l o c i t y ) is given by ( W a l t o n , Prac t i ca lA s p e c t s o f Ground W a t e r M o d e l i n g , national W a t e r wellA s s o c i a t i o n , 1985)
R d * 1 + (rho K d / n ) ,

where rho is the bulk mass d e n s i t y of a q u i f e r s k e l e t o n , K di s the d i s t r i b u t i o n c o e f f i c i e n t for the contaminant inquestion, and n is the p o r o s i t y of the porous medium.
T h e d i s t r i b u t i o n c o e f f i c i e n t f o r s o rp t i on o f organicchemicals onto the organic carbon of the porous medium canbe given by ( W a l t o n , OP* c i t . l

K d = 0.63 f o c K o w ( m l / g ) ,
where f-c is the organic carbon content of the medium andK o w i s t h e o c tanol-water p a r t i t i o n c o e f f i c e n t .
For benzene and tr i chloroe thylene (TCE), values of K Q W arer e a d i l y a v a i l a b l e in th e l i t e ra ture ( W a l t o n OP. c i t . T :

in
r-
O

benzene:
T C E :

log KQ W = 2.13
log K o w = 2.29

For the S h e r i d a n s i t e , organic carbon content o f the s o i l shas not been measured, a l t h o u g h e s t imate s of cation exchangecapaci ty (CEC) are avai lable . For a w e l l - h u m i f i e d soi l , avery general empirical r e l a t i o n s h i p between organic carboncontent and CEC is avai lable in the l i terature. However,the s ha l l ow water-table a q u i f e r at the S h e r i d a n si teprobab ly does not contain large amounts of humic material .In general, organic carbon content of natural soils rangesf r o m a f r a c t i o n of a percent to a few percent. For purpo s e s
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of the present e s t imat e s , let us assume that the organiccarbon content of the s h a l l o w a q u i f e r mater ia l s at theSher idan site may be in the range of 0.0005 to 0.05. Thecorresponding ranges in values of K d are then;
Benzene: 0.0425 to 4.25 r a l / g
T C E : 0.0614 to 6.14 m l / g

For a poro s i ty of 0.3 and a bu lk d e n s i t y of 1.75 g / m l , thec orr e spond ing ranges o f r e t a r d a t i o n c o e f f i c i e n t s are:
Benzene: 1.25 to 25.8
T C E : 1.36 to 36.8

T h u s , in g e n e r a l , we can expect these c on taminant s to travelabout one to 30 times more s l o w l y than groundwater . r-
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APPENDIX B
Est imat ion of DrawdownsA l o n g a H y p o t h e t i c a l Line o f Recovery W e l l s
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A P P E N D I X B
ESTIMATION OF DRAWDOWNS

ALONG A HYPOTHETICAL L I N E OF RECOVERY WELLS
G R O U N D W A T E R F E A S I B I L I T Y S T U D YS H E R I D A N D I S P O S A L S E R V I C E S

H E M P S T E A D , T E X A S
I N T R O D U C T I O N
One remediation opt ion proposed for the Sher idan Disposal Servic e ss ite is a system of recovery veils at a 20-foo t spac ing, i n s t a l l e dbetween the main pond and the Brazos River. A series of analyt i ca lca l cu la t i on s has been p e r f o r m e d to demonstrate the e f f e c t of veilspac ing on drawdowns along the line of veils*
An analytical solution, based on the Thei s equation, vas developedto estimate drawdown near a line of adjacent recovery veils.
For ease of calculat ion, the solution assumes the aqu i f er thicknessdoes not vary vith dec l ining vater level s , although the aquiferobserved at the Sheridan site is unconfined.
The transmissivity of the actual aqui fer vil l decrease as itssaturated thickness decreases, and as a result a greater hydraulicgradient and greater drawdowns (than in the assumed confineda q u i f e r ) vil l be required to maintain a given discharge rate, ora smaller discharge rate vill be p o s s i b l e for a given drawdown.As a r e su l t , this so lut ion underestimates drawdowns for a givenwell discharge rate, or conversely overestimates po s s i b l e dischargerates for a given l i m i t i n g drawdown. The so lut ion is presented inthe f o r m of a spreadsheet . The basic equations and assumptionsused are shown in Attachment 1, and re su l t s are given inA t t a c h m e n t s 2 ( A ) a n d 2 ( B ) .
S E L E C T I O N OF PARAMETERS
For this calculation a transmissivity of 4,000 g p d / f t vas used,based on the pumping test data developed in the source ControlRemedial Invest igat ion ( J u l y 1987) for the unconfined aquifer. As p e c i f i c yield or storage c o e f f i c i e n t of 0.001 vas assumed. Adischarge rate (Q^) of 0.24 gpm per recovery veil vas used, asthis is s u f f i c i e n t to capture the ground vater f l o v between tvoadjacent recovery veils. The ground vater f l o v is estimated at 17g p d / f o o t , measured perpendicular to the direction of ground vaterf l o w .
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The l ine of w e l l s is assumed to lie 100 f e e t away f r o m theriverbank. The river may or may not act as a recharge boundary,d e p e n d i n g on re la t ive e levations of the river stage and the groundwater table as a f f e c t e d by pumping. If the river level is higherthan the ground water t a b l e , so that the river f orms a rechargeboundary, the boundary can be simulated by a series of imaginaryrecharge w e l l s , each one o p p o s i t e the corresponding recovery w e l l ,(see Attachment 1)* In each recharge w e l l , a negative dischargerate ( Q i ™ . ) equal and o p p o s i t e in sign to QMU is used. if theriver is lower than the ground water tab l e , a value of Q^^ closerto zero is more a p p r o p r i a t e . All the we l l s are assumed to havebeen pumping for 30 years, the approximate amount of timeca l cu la t ed for a p a r t i c l e of water to travel northward f r o m thesouthern end of the main pond to the p u m p i n g we l l s .
R E S U L T S
Attachment s 2 (A) and 2(B) show so lu t ions for the drawdowns in thel ine of recovery we l l s at the site, with and without recharge f romthe Brazos River. The well number (i) r e f e r s to the po s i t i on ofthe pair of w e l l s (recovery and imaginary recharge w e l l , if u s ed)next to point "0M, at which the drawdown observation is made. Thed imens i on l e s s f a c t o r "u" is ca lculated based on the equation

u s / (4 * T * t)
and the variable W(u) is the well f u n c t i o n of u. The drawdownincrement is the amount of drawdown due to each well in the lineof w e l l s , and is equal to d e l t a - s , where

d e l t a - s Q * W(u) / (4 * p i * T).
In the next column, these increments have been summed to show thedrawdown at the end of a l ine of several w e l l s , taking thecorre sponding image w e l l s into account if needed, but ignoring thee f f e c t * ? of the remaining we l l s . The drawdown at some observationpoint within the 50 recovery w e l l s can then be calculated byconsidering s epara t e ly the two l ines of w e l l s to either side of theobservation p o i n t , and add ing the drawdowns ca l cu la t ed for the endof the two lines. The sum is shown in the last column.
Attachment 2A shows the ca l cu la t ed drawdown assuming that the riveris not ac t ing as a recharge boundary hence Qim*c* equals zero. Thetab l e shows that near the center of the l ine of 50 pumping w e l l s ,the drawdown at the edge of the borehole would be about 4.4 f e e t .T a k i n g into account the change in saturated thickness (see Equation1 in Attachment 2A), the actual drawdown at this point would bea p p r o x i m a t e l y 5 f e e t . If it is assumed that the recovery well is20% e f f i c i e n t (a reasonable a s s u m p t i o n ) , then the actual drawdown
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in che well i t s e l f would be about 25 f e e t . The ava i lab l e saturatedthickness of the a q u i f e r g enera l ly varies between 20 and 25 f e e tat the site. T h e r e f o r e , the assumption of 20 f o o t well spacingsand a di scharge rate of a p p r o x i m a t e l y 0.24 gpm would be the welldesign needed to capture ground water f l o w i n g into the BrazosKiver. If a higher p u m p i n g rate was chosen, the well spacing couldbe decreased, but the recovery we l l s would most l i k e l y be pumpeddry prior to main ta in ing a steady discharge and cone of depres s ion.

ca l cu la t i on s of the e f f e c t i v e n e s s of a line of recovery w e l l sa d j a c e n t to the Brazos River have been compl e t ed . If no rechargefrom the Brazos River is assumed, the ca l cu la t i ons show thatdrawdown f r o m intersec t ing cones of depres s ion a l l o w capture ofcontaminated ground water f r o m the site. T h i s is accompli shed ata well spac ing of 20 f e e t and an average discharge of about 0.24gpm, and e f f e c t i v e l y ceases the migration of contaminated groundwater to the river. If recharge equal to the recovery welldischarge la assumed, there is s t i l l ground water capture into therecovery we l l s . At higher f l o w (recharge) f r o m the Brazos River,the water levels in the aquifer would rise, causing a change inf l o w direc t ion to the south, thereby also pr e c lud ing constituentmigrat ion into the river.
In contrast, when the river is assumed to act as a rechargeboundary, the ca l cu la t ed drawdown is g r e a t l y reduced and would beonly about C.5 f e e t maximum (Attachment 2B) . T h i s ca l cu la t i onassumes that the input f r o m the river equals 0.24 gpm per w e l l .
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Est imate of MaximumPossible Discharge in Dewatering W e l l sGround Water F e a s i b i l i t y S t u d yS h e r i d a n Dispo sa l Services S i t e
*

a, A• yIt
-̂ *w D \O

o

Image "Recharge" W e l l s to simulateconstant-head boundary at r i v e r ' s edge.
Assumpt ions:
( 1 ) E f f e c t of well a, to l e f t of Point of Es t imat ion, wi l l be thesame as that of A, to the right.
(2) A q u i f e r behaves l ike a c on f in ed a q u i f e r , that i s the saturatedthickness is assumed not to change, so that T d o e s n ' t change,and the equation is valid. If the aqui f er is uncon f ined ,drawdowns wil l a c t u a l l y be greater or avai lable discharge w i l lbe less.
(3) There i s a constant-head boundary at the r i v e r ' s edge.
( 4 ) A q u i f e r parameters:

T - 4 x 10 s g p d / f t (based on SCRI)Max. available drawdown » 24' - A q u i f e r Thickness
(5) W e l l s are spaced D f e e t apar t , and located in a l ine B f e e taway from the river.
(6) Net recharge other than f rom the river can be ignored for theperiod in question*

towns f r o m a d j a c e n t we l l s can be super impo s ed .
L769
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tbf or i pa ir o f w e l l s

[ ( 2 B ) 3

We want drawdown increment f r o m i t h pair of w e l l s
s » 4 r T
where (u> ,=4Tt

I S ] - 1
C T 3 = 9 P < V f t[ t ] « days
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( Page i or 2 ATTACHMENT 2A" " T ^ s ^ T ^ s ^ & ^ & ' K p -«usS H E R I D A N D . S P O S A L S E f t f t ^ X p g l E A j ^ E X A S
1 P A R ^ E T E R S U S E D G E O M E T R Y

I p ' 1 1 I ' B " *T i m e 365-30 ( d a y s ) <=*"«« 1 7 g o d / f t 0.24
| D R A W D O W N E S T I M A T E D F O R P O I N T B E T W E E N T W W E L L S

C U M U L A T I V E
I D f i A W T V I U f U

m "ISS" WfcsF ,-, w «, "iff" SW111I11111

I I 1
11223344S5667788991010111112121313141415151616171718181919202021212222232324242525

0.240.000.240.000.24o.oo0.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000-.240.000.240.00

10.0200.230.0202.250.0206.270.02 1 1 . 990.02 1 9 . 3110.0228.3130.0238.5150.0250.0170.0262 .5190.0275.9210.0290.0230.0204.8250.0320.2270.0336.0290.03 5 2 . 3310.0368.9330.0•las. 9350.0403.1370.0420.6390.0438.3410.0456.2430.0474.2450.0492.4470.0510.8490.0529 .2

*
4-27E-09 1.876+011-71E-06 1.27E+01
i ' 5 5 I " 2 ? L 6 5 6 + 0 1J - 7 5 E - 0 6 1.276+01J - 2 J I * 0 7 1 - 5 5 E + 0 11.81E-06 1.26E+01

? ' 2 ? f ~ 2 ? 1-48E+011.92E-06 1 26E+01V^"07 1-436+012-056-06 1.256+01
5 ' J J I " 2 7 1-39E+012.22E-06 1.246+017-22E-07 1.36E+012. 436-06 1.24E+01
2 ' S i l " 2 ? 1-336+012-67E-06 1.23E+011.236-06 1.30E+012-94E-06 1.226+01
J ' 5 2 I ~ 2 J 1-286+013.25E-06 1.216+01I - f 2 I - 0 6 1.26E+013.59E-06 1.20E+012-26E-06 1.24E+013.97E-06 1 . 1 9 E + 0 1

5 - $ J i " 2 £ 1. 236+014.38E-06 1.186+013.116-06 1 .21E+01
\'\ll-<£ ' - 1 7 E + 0 13 .59E-06 1.20E+015.30E-06 1 .166+014.10E-06 1.186+015.81E-06 1.156+01

* ' S 5 I " 2 5 1-176+016.366-06 1.146+015-23E-06 1.166+016.94E-06 1 .136+015.84E-06 1 .15E+017.55E-06 1 .126+01§-49|-06 1.146+018.20E-06 1.116+01
J ' i 2 I " 2 5 L 1 3 6 + 0 18.88E-06 1.116+017.89E-06 1.126+019.60E-06 1.10E+018.65E-06 1 .116+01

2 ' 2 f l " 2 5 1-09E+019.43E-06 1.106*01
3 ' n J r 2 5 1-086+011.03E-05 1.09E+011.206-05 1.08E+01

I H J

0.1260.0000.1120.0000.1050.0000.1000.0000.0970.0000.0940.0000.0920.0000.0900.0000.0880.0000.0870.0000.0850.0000.0840.0000.0830.0000.0820.0000.0810.0000.0800.0000.0790.0000.0780.0000.0780.0000.0770.0000.076o.ooo0.0760.0000.0750.0000.0740.0000.0740.000

( F t )

0 . ' 2 60.1260.2380.2380.3430.3430.4430.4430.5400.5400.6340.6340.7250.7250.8150.3150.9030.9030.990O . S 9 01.0751.0751 . 1 5 91 . 1 5 91.2421.2421.3241.3241.4051.4051.4851.4851.5641.5641.6421.6421.7201.720i - 7 9 71.7971.8731.8731.9491.9492.0242.0242.0982.0982 .1722 .172

( F t )

3.9423.9423.9893.9894.0284.0284.0634,0634.0954.0954 . 1 2 34.1234. 1494. 1494.1724. 1724.1944.1944 .2134.2134.2314.2314.2474.2474 - 2 6 24 . 2 6 24 1~tc*• 4/O4.2764.2884.2884.2994.2994.3084.3084.3174.3174.3244.3244.3304.3304.3354.3354.3394 11Q*f - * J « ) J4.3414.3414.3434.3434.3444.344
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262627272828292930303131323233333434353536363737363d393940404141424243434444454546464747484849495050

A T T A C H M E N T 2 A ( c o n t i n u e d )
E S T I M A T E O F D R A W D O W N F R O M P U M P I N G I N R E C O V E R Y W E L L SA S S U M I N G C O N S T A N T S A T U R A T E D T H I C K N E S SS H E R I D A N D I S P O S A L S E R V I C E S , H E M P S T E A D , T E X A S

0.240.000.240.000,240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240 000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.000.240.00

510 ,0547.8530.05 6 6 . 5550.0585.2570,0604.1590.0623.0610.0642.0630.0661.0650.0680.1670.0699.2690.0718.4710.0737.6730.0756.9750.0776.2770.0795.6790.0814.9810.0634.3830.0853.8850.0873.2870.0892.7890.0912 .2910.0931.7930.09 5 1 . 395C.O970.8970.0990.4990.01010.0

1 . H E - O S1 .28E-051.20E-051 . 3 7 E - 0 51 . 2 9 E - 0 51.46E-051.39E-051.56E-051.49E-051.66E-051.59E-051.76E-051.69E-051.87E-051.80E-051.97E-051.92E-052.09E-052.03E-052.20E-052.15E-052 .32E-052.28E-052-45E-052.40E-052 . S 7 E - 0 52 - 5 3 E - 0 52.70E-052 - 6 6 E - 0 52.84E-052.80E-052.97E-052.94E-053 . 1 I E - 0 53.08E-053 . 2 6 E - 0 53 - 2 3 E - 0 53.40E-053.38E-053 . 5 5 E - 0 53.54E-053.71E-053.69E-053.86E-053.85E-054.02E-054.02E-054.19E-054.18E-054.36E-05

1.08E+011.07E+011.08E+011.06E+011.07E+011.06E+011.06E+011.05E+011.05E+011.04E+011.05E+011.04E+011.04E+011.03E+011.03E+011.03E+011.03E+011.02E+011.02E+011.01E+011.02E+011.01E+011.01E+011.00E+011.01E+019.99E+001.00E+019.94E+009.96E+009.89E+009.91E+009.85E+009.86E+009.80E+009.81E+009.76E+009.76E+009.71E+009.72E+009.67E+009.67E+009.63E+009.63E*009.58E+009.59E+009.54E+009.55E*009.50E+009.SOE+009.46E+00

0.0730.000o . o - j0.0000.0720.0000.0720-0000.0710.0000.0710.0000.0700.0000.0700.0000.0700.0000.0690.0000.0690.0000.0680.0000.0680.0000.0680.0000.0670.0000.0670.0000.0670.0000.0660.0000.0660.0000.0660.0000.0650.0000.0650.0000.0650.0000.0650.0000.0640.000

2.2452.2452.3182.3182.3902.3902.4622.4622 .5332.5332.6042.6042.6742.6742.7442.7448148148638839529520200200880881561562232232902903573573.4233.4234894895555553 . 6 2 13.6213.6863.6863.7503.7503 . 8 1 53.8158793.879

4.3434.3434.3414.3414 .3394.3394 . 3 3 54.3354.3304.3304.3244.3244 . 3 1 74.3173083082992992864.2884.2764.2764 .2624.2624.2474.2474 . 2 3 14.2314 . 2 1 34 . 2 1 31941941721724. 1494.1494 . 1 2 34 . 1 2 34.0954.0950630630280289899899429423.8793.879

vOr-

O

D R A W D O W N E S T I M A T E D 0.25 F t - F R O M C E N T E R O F P U M P I N G W E L L

II R E C O V E R YO R I M A G E D I S C H A R G EW E L L N O . ( Q p m )( i )

D I S T . F R O M0 TO WELL U( F t ) ( )
D R A W D O W NW( U ) 1 NCREMENT( ) ( F t )

C U M U L A T I V EDRAWDOWNA T E N D O FL I N E O F"1" WELLS( F t )
0.24 0.25 2 . 6 7 E - 1 2 2 .61E+01 0.176 4.446
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01
23
4
5
6
7a
91011

12
13
14
15
16
17
18
19
20
21
22
23
24

where S
S
B

A T T A C H M E N T 2 A
E Q U A T I O N 1 :C o r r e c t i o n f o r Drawdown

8
24
24
24
24
24
24
24
24
24
24
24
24
24
24
2"
24
24
24
24
24
24
24
24
24
24

S ' » S - ( S - 2 / 2 / B )
0.00
0.98
1.92
2.81
3.67
4,48
5.25
5.98
6.67
7.31
7.92
8.48
9.00
9.48
9 .92

10.31
10.67
10.98
1 1 . 2 5
11.48
11.67
1 1 . 8 1
1 1 . 9 2
11.98
12.00

drawdownc o r r e c t e d drawdowns a t u r a t e d t h i c k n e s s o f a q u i f e r

LA
vO
h-
•vl-—̂
O
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A T T A C H M E N T 2 B
Drawdown Assuming Recharge from the Brazos River vO
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P A R A M E T E R S U S E D

A T T A C H M E N T 2 B
E S T I M A T E O F D R A W D O W N F R O M P U M P I N G I N R E C O V E R Y W E L L SA S S U M I N G C O N S T A N T S A T U R A T E D T H I C K N E S SS H E R I D A N D I S P O S A L S E R V I C E S , H E M P S T E A O , T E X A S

T r a n s .SG r e a tQ I m a g eT i m e

, Q04ooo
0.24 ( g o m )-0.24 ( g p m )365-30 ( d a y s )

G E O M E T R Y
W E L L S P A C I N G D ( F t )D I S T . T O R I V E R 6 ( F t )D I S C H A R G E R A T E ( O p f f l ) T OC A P T U R E 1 7 g p d / U

20100
0.24

D R A W D O W N E S T I M A T E D F O R P O I N T B E T W E E N T W O W E L L SIIIIIIIIIIIIII

RECOVERY C U M U L A T I V EDRAWDOWNO R I M A G E D I S T . F R O MW E L L N O . D I S C H A R G E 0 T O W E L L U( f ) ( g p m ) ( F t ) ( )
1223344556677889o1010111112121313141415151616171718161919202021212222232324242525

-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0 240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.24

200.230.0202.250.0206.270.02 1 1 . 990.0219.3110.0228.3130.0238.5150.0250.0170.0262 .5190.0275.9210.0290.0230.0304.8250.0320.2270.0336.0290.0352.3310.0368.9330.0385.9350.0403.1370.0420.6390.0438.3410.0456.2430.0474.2450.0492.4470.0510.8490.0529.2

1.716-063.84E-081.75E-061.07E-071.816-062.09E-071.926*063.46E-072.05E-065.17E-072.22E-067.22E-072.43E-069.61E-072.67E-061.236*062.94E-061.546-063.25E-061.88E-063.S9E-062.26E-063.97E-062.67E-064.38E-063.11E-064.82E-063.5SE-065.30E-064 10E-065.81E-064.65E-066.36E-065.236-066.94E-065.84E-067.55E-066.49E-068.206-067.18E-06S.88E-067.89E-069.60E-068.65E-061.04E-059.43E-061 . 1 I E - 0 51.03E-051.20E-05

W ( u )( )
1.276+011.65E+011.27E+011.55E+011.26E+011.486+011.266+011.43E+011.25E+011.39c+011.24E+011.36E+011.24E+011.336+011.23E+011.30E+011.22E+011.28E+011.216+011.266+011.20E+011.24E+011.196+011.23E+011.186+011. 216+011.176+011.20E+011.166+011.186+011.156+011.176+011.146+011.166+011.136+011.156+011.126+011.146+011.116+011.136+011.116*011.126+011.106+011.116+011.09E+011.106+011.08E+011.096+011.08E+01

AT END OF DRAWDOWND R A W D O W N L I N E O F 1 0 ' P A S TI N C R E M E N T T W E L L S W E L L " I "( F t ) ( F t ) ( F t . )
-0.0860 . 1 1 2-0.0860.105-0.0860.100-0.0850.097-0.0850.094-0.0840,092-0.0840.090-0.0830.088-0.0820.087-0.0820.085-0.0810.084-0 . 0800.083-0.0800.082-0.0790.081-0 . 0780.080-0.0780.079-0 . 0770.078-0.0760.078-0.0760.077-0.0750.076-0.0750.076-0.0740.075-0.0740.074-0 . 0730.074-0.073

0.0410.1520.0660.1710.0860.1860.1010.1970.1130.2070.1220.2140.1310.2200.1380.2260.1430.2300.1480.2340.1530.2370.1570.2400.1600.2420.1630.2440.1660.2460.1630.2470.1700.2480.1720.2500.1740.2510.1750.2510.1770.2520.1780.2530.1790.2540.1800.2540.181

0.2990.4110.3250.4290.3440.4440.3590.4560.3710.4650.3810.4720.3890.4790.3960.4840.4020.4880.4060.4920.4110.4950.4140.4970.4180.4990.4200.5010.4230.5030.4250.5040.4270.5050.4290.5060.4300.5070.4320.5070.4330.5060.434C . 5 0 80.4340.5080-4350.5080.436

vo
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A T T A C H M E N T i B ( c o n t i n u e d )
E S T I M A T E O F D R A W D O W N F R O M P U M P I N G I N R E C O V E R Y W E L L SA S S U M I N G C O N S T A N T S A T U R A T E D T H I C K N E S SS H E R I D A N D I S P O S A L S E R V I C E S , H E M P S T E A D , T E X A S

2626272728282929303031313232333334343535363637373838393940404141424243434444454546464747484849495050

0.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0,240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.240.24-0.24

510.0547.8530.0566.5550.0585.2570.0604.1590.0623.0610.0642.0630.0661.0650.0680.1670,0699.2690.0718.4710.0737.6730.0756.9750.0776.2770. 0795.6790.0814.9810.0834.3830.0853 . 8850.0873.2870.0892.7890.09 1 2 - 2910.0931.7930.09 5 1 . 3950.0970.8970.0990.4990.01010.0

1. H E - 0 51.28E-051.20E-051.37E-051.29E-051.46E-051.39E-051.56E-051.49E-051.66E-051.59E-051.76E-051.69E-051.87E-051.80E-051.97E-051.92E-052.09E-052.03E-052.20E-052 . 1 5 E - 0 52 . 3 2 E - 0 52.28E-052.45E-052.40E-052.57E-052 . 5 3 E - 0 52.70E-052.66E-052.84E-052.80E-052.97E-052.94E-053 .11E-053.08E-053.26E-053.23E-053.40E-053.38E-053.55E-053.54E-053.71E-053.69E-053.86E-053.85E-054.02E-054.02E-054.19E-054.18E-054.36E-05

1.08E+011.07E+011.08E+011.06E*011.07E+011.06E+011.06E+011.05E*011.05E+011.04E*011.05E+011.04E+011.04E+011.03E+011.03E+011.03E+011.03E+011.02E+011.02E+011.01E+011.02E+011.01E+011.01E+011.00E+011.01E+019.99E+001.0QE+019.94E+009.96E+009.89E+009.91E+009.85E*009.86E+009.80E*009.81E+009.76E+009.76E+009.71E+009.72E+009.67E+009.67E+009.63E+009.63E+009.58E+009.59E+009.54E+009.55E+009.50E+009.50E+009.46E+00

0.073-0 . 0720.073-0.0720.072-0.0710.072-0.0710,071-0.0710.071-0 . 0700.070-0 . 0700.070-0.0690.070-0.0690.069-0,0690.069-0.0680.068-0.0680.068-0.0680.068-0.0670.067-0.0670.067-0.0670.067-0.0660.066-0.0660.066-0.0660.066-0.06S0.065-0.0650.065-0.0650.065-0.0650.065-0.0640.064-0.064

0.2550.1820.2550.1830.2560.1840.2560.1850.2560.1860.2570.1860.2570.1870.2570.1880.2570.1880.2570.1890.2580.1890.2580.1900.2580.1900.2580.1910.2580.1910.2580.1910.2580 1920.2580.1920.2580.1930.2580.1930.2580.1930.2580.1940.2580.1940.2580.1940.2580.194

0.5080.4360.5080.4360.5080.4360.5070.4360.5070.4360.5060.4360.5050.4350.5040.4350.5030.4340.5010.4330.4990.4310.4970.4290.4950.4270.4920.4240.4880.4210.4840.4170.4790.4120.4720.4060.4650.3990.4560.3900.4440.3790.4290.3650.4110.3460.3850.3210.2580.194

CO
vOr-̂r
V
O

D R A W D O W N E S T I M A T E D 0.25 F t . F R O M C E N T E R O F P U M P I N G W E L L

R E C O V E R Y D I S T F R O MO R I M A G E D I S C H A R G E 0 T O W E L LW E L L N O . ( f l u m ) ( F t ; U( )
DRAWDOWN1 N C R E M E N T( F t )

0.24 0.25 2 .67E-12 2 .61E+01 "~<Tl76

C U M U L A T I V EDRAWDOWNAT END OFL I N E O F" i " W E L L S
..- i f t l

0.536
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A P P E N D I X C
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1925

T a b l e c - 1
U n i t cost E s t i m a t i o nC o s t o f o n e S a m p l i n g Event

N u m b e r o f s a m p l e s P e r E v e n t :

C o s t P e r S a m p l e

H S L A n a l y s i s

N u m b e r2U p g r a d i e n t S h a l l o w W e l l sD o w n g r a d i e n t S h a l l o w W e l l sU p g r a d l e r t Deep W e l I sD o w n g r a d i e n t Deep W e l l sF i e l d B l a n k s
U p g r a d i e n t R e p l I c a t e s
D o w n g r a d i e n t R e p l i c a t e s
!-[!!!!! .?? t e f S a m o l e s ( 1 u p s t r e a m . 2 d o w n s t r e a m ) 3~ *" ~ '"""'""""*"*™'"~~"*~" :'"*~~'™~"*~"'~*~—~————————«_—_-._T o t a l N u m b e r o f S a m p l e s 18

$1.280
$ l , 2 8 0 / S a m p l e

T o t a l C o s t P e r Event

Or-h-

o

S 3 3 , 0 0 0

C-2
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1 9 2 6

D r i l l e r ' s costM a t e r t a i sT r a v e l E x p e n s e

T a b l e c - 2
U n i t C o s t E s t i m a t i o n
W e ! I i n s t a l l a t l o n cost

( $ 3 5 / f t X 6 0 f t )

S u b t o t a l E x p e n s e s
H a n d 1 1 no

L a b o r ( G e o l o g i s t 1 2 M r s . * $ 5 0 } *L a b o r ( T e c h n i c i a n 4 M r s . e $ 3 5 )L a b o r ( D r a f t i n g 4 H . s . * $40)
S u b t o t a l

Round to

2 ,100200
100

• * — — — * .

2.600
260

600
140
160

3,760
$4,000

o

* I n c l v i d e s s u p e r v i s i o n o f d r i l l e r , w e l l l o g g i n g , p l u s 4 h r sd e v e l o p m e n t .
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L 5 6 1 T a b i e c - 3
U n i t C o s t E s t i m a t i o n

T r e a t m e n t U n l t

Q u a n t i t y U n i t s U n i t Cos t
i n f l u e n t H o l d i n g T a n k (10,000 g a 1 . ) i Each 20,000

S a n d F i l t e r (30" d i a m e t e r ) 1 Each 10,000
E l e m e n t F i l t e r s ( 1 5 M i c r o n ) 2 Each 2 ,500
F e e d P u m p s ( 7 5 g p m ) 2 Each 5,000
C A C u n i t s ( 2 0 0 I D S . e a . ) 4 f c a c h - c o
A i r C o m p r e s s o r ( 1 5 H P ) 1 Each 20,000
Backwash H o l d i n g T a n k ( 2 , 5 0 0 g a l . ) 1 Each 5,000
S u b t o t a l - E q u i p m e n t C o s t
i n s t a l l a t i o n ( I n c l . F o u n d a t i o n , L a b o r )4 0 % o f E q u i p m e n t C o s t s [ a ]

P i p i n g & W a t e r i a l s 5 0 % o f E q u i p m e n t C o s t £ a ]
E l e c t r i c a l M a t e r i a l s & i n s t a l l a t i o n1 0 % o f E q u i p m e n t C o s t s [ a l
i n s t r u m e n t a t i o n M a t e r i a l s a n d I n s t a l l a t i o n1 0 % o f e q u i p m e n t c o s t s [ a ]
s u b t o t a l i n s t a l l e d e q u i p m e n t & M a t l ' s costU t i I i t i e s hook-ups

( R o u n d e d )

[ a ] F a c t o r s o b t a i n e d f r o m P e t e r s a n d T l m m e r h a u s , " P l a n t D e s i g n a n dEconomic s f o r C h e m i c a l E n g i n e e r s " , M c C r a w H i l l , 1968.

•

C-4

T o t a lC o s t
20,000
10,000

5,000
10,000

2,400
20,000

5,000
S 72,400

29 ,000
3 6 , 2 0 0

7 ,200

7,200

$ 1 5 2 , 0 0 0
6,000

$158 ,000

CM

o
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J 1 9 4
T A B L E C - 4

C O S T E S T I M A T I O N
W e l t P u m p s I n s t a l l a t i o n C o s t( A l t e r n a t i v e C - P a r t i a l S l u r r y W a l l )

I t ern Quant I t v U n i t s U n i t C o s t T o t a l cost

P u m p s
c o n t r o l P a n e l
T o t a l E q u i p m e n t C o s t

I n s t a l l a t i o n 9 4 0 %o f E q u i p m e n t C o s t
E q u i p m e n t I n s t a l l e d

3 Each S 500 $ 1
i Each 1 ,100 1

2

1
$ 3

,500
,100
,600

,040
,640

M a t e r i a l cost
A i r S u p p l y L i n e
C o n t r o l A t r L i n e
D i s c h a r g e P i p i n g
C o n d u i t
T O T A L I N S T A L L A T I O N C O S T

2,500
2.500
2,500
2,500

L
L
L
L

. F .

. F .
. F .
. F .

2
1
7
4

$o: $

5,000
2,500

17,500
10,000
38,640
39,000

o
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L562
TABLE C-5

COST E S T I M A T I O N
T r e a t m e n t U n i t O p e r a t i o n

Annual C o s t s

I t e m Q u a n t i t y U n i t s U n i t C o s t T o t a l C o s t

O p e r a t i n g Labor 1,040 M a n h o u r s $ 30 $ 3 1 , 200( H a l f T i m e )
Power C o n s u m p t i o n 39,000 KWH 0.08 3 ,120( P u m p s O n l y -

2 HP C o n t i n u o u s )
Carbon U n i t Replacement 4 Each 3,600 14,400
Filter c a r t r i d g e s 208 Each 50 10,400f 1 P(*r W P f * k P e r F i l t e r )V i f TW 1 T I C C ^ r U 1 r 1 1 Lcl J

D i s p o s a l o f S i l t & S p e n t 2 4 Drums 2 0 0 4.800c a r t i d g e s
A n a l y t i c a l c o s t s

1 H S L T e s t P e r M o n t h 1 2 Each 1 ,280 1 5 , 3 6 01 R o u t i n e A n a l y s e s / w k 52 Each 50 2.600
C a p i t a i Maint enanc e

5% o f C a p i t a l Cost 1 L . S . 9,150 9 , 1 5 0
T o t a l O p e r a t i o n Cost $91,030

Round to: 91.000

-

<tfr-r~̂r
o
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J 1 9 6
T A B L E C - 6

C O S T E S T I M A T I O N
W e l t P u m p s i n s t a l l a t i o n C o s t( A l t e r n a t i v e D - Recovery W e I I s )

I t e m Q u a n t i t y U n i t s U n i t C o s t T o t a l C o s t

Pumps 75
C o n t r o l P a n e l 2 5
T o t a l E q u i p m e n t Cos t

i n s t a l l a t i o n ?40%o f E q u i p m e n t C o s t
E q u i p m e n t I n s t a l l e d

M a t e r i a l C o s t
A i r S u p p l y L i n e 3 , 2 5 0
C o n t r o l A i r L i n e 3 , 2 5 0
D i s c h a r g e P i p i n g 3 .250
C o n d u i t 3,250

T O T A L I N S T A L L A T I O N COST

Each $ 500 $ 37,500
Each 1 ,100 27,500

65,000

26,000
$ 91,000

L . F . 2 6.500
L . F . 1 3.250
L . F . 7 2 2 , 7 5 0
L . F . 4 13.000

$ 45,500
$ 136,500

Round to: $ 137,000

inr-r-̂t
T-o
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L 5 5 6 T a b l e C - 7
C a p i t a l c o s t s f o rS e n s i t i v i t y A n a l y s i s - V o l u m e o f W a t e r T r e a t e d

B a s i so fcase

A l t e r n a t l v e CP a r t i a l S l u r r y w a l lw / G r o u n d W a t e rT r e a t m e n t( $ M )

A l t e r n a t i v e 0Recovery w e I t sw / G r o u n d W a t e rT r e a t m e n t( S M )

10 gpm for25 y e a r s
10 Qpm for75 y e a r s
2 0 g p m f o r25 y e a r s
2 0 g p m f o r

75 y e a r s

$758

758

850

850

$1,003

1,003

1,095

1,095

r-

o

[ a l C a p i t a l c o s t s f o r d i f f e r e n t f l o w r a t e s a r e c a l c u l a t e d f r o m t h e basecase cost e s t i m a t e b y m u l t i p l y i n g b y t h e r a t i o o f t h e f l o w r a t e sr a i s e d t o t h e s i x - t e n t h s power.
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L 5 5 6

Bas i so fCase

10 com for25 y e a r s
10 oom for75 year s
20 com for25 year s
20 Q0m for75 y e a r s

T a b l e C - 8
O p e r a t i n g a n d M a i n t e n a n c e C o s t s f o rS e n s i t i v i t y A n a l y s i s - V o l u m e o f W a t e r T r e a t e d

A l t e r n a t i v e C A l t e r n a t iP a r t i a l S l u r r y W a l l Recoveryw / G r o u n d W a t e r w / G r o u n dT ^ t m e r u T r e a t m e n t( S M ) ( $ M )

12.616 $ 3 , 1 3 6

7.B4B 9,408

3-347 4 ,235

10,042 12,704

ve DW e I I sW a t e r

E a ] A s s u m p t i o n s : F i x e d c o s t s I n c l u d e oround w a t e r m o n i t o r i n g w e l lD u m p s m a i n t e n a n c e , o p e r a t i n g l a b o r , a n d a n a l y t i c a l c o s t sv a r i a b l e c o s t s i n c l u d e power c o n s u m p t i o n , carbon u n i t r e p l a c e m e n tf i l t e r c a r t r i d g e s , d i s p o s a l c o s t s , c a p i t a l m a i n t e n a n c e f o r t h et r e a t m e n t u n i t , a n d cost o f w e l l p u m p s o p e r a t i o n .
[ b ] T h e 7 5 year o p e r a t i o n c o s t s a r e t h r e e t i m e s t h e 2 5 year
[ c ] T h e s e c o s t s a r e p r e s e n t v a l u e w i t h I n t e r e s t r a t e cancel Ie f f e c t s o f i n f l a t i o n .

•

c o s t s .
I n g t h e

r-r-r-

O
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